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covering (a) natural factors of location, tide and currents, wind and wave, b
bottom soil type and seafloor movement and (b) man-made factors such as ship b
traffic, fishing activities, ocean mining, government regulations.

These characteristics were studied to determine the hazards which potentially
are a source of damage to a cable system. Hazards are as follows: chafe and
corrosion , hydrodynamic forces due to wave and current action, mudslides,
earthquakes, trawler and/or dredge action and ship anchors.

An analysis of the history of submarine cable failures was conducted.
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. ' Executive Summary
~
v
v This is a study of seafloor cable protection criteria and technology as

applied to the four proposed OTEC plant sites and cable routes at Hawaii,
Puerto Rico, Guam and Florida., ., - -~ « “%a ™,

It includes a §tudy of environmental characteristics for each site covered N

ing- (a) natural factors of location, tide and currents, wind and wave, bottom
soil type and seafloor movemeng;and (2) man-made factors such as ship traffic,

fishing activities, ocean mining, government regulations.

/

These characteristics were studied to determine the ha%ards whiégjégféntiﬁ,g
ially are = source of damage to a cable system. Hazard;,&;éigéffollows§3 chafe
and corrosion, hyd;odynamic forces due to wave and current action, mudslides,

- earthquakes, trawler and/or dredge action and shipﬁ‘;nchors.

An analysis of the history of submarine cable failures was conducted. In-
cluded are the probabilities of damage related to water depth. Probabilities
become minimal for all hazards in water depths of 1,500 feet and more. Chafe
and corrosion ha‘}the highest probability of causing damage to a seafloor cable
compared to the other hazards.

Because of the hazards present at all sites, cable burial is recommended as

the best means of protection. oo o
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CHAPTER 1. INTRODUCTION

¥,
A‘.

.
’

1.1 Background

The Ocean Thermal Energy Conversion (OTEC) project* is a long term program

'y
"

o I
1)
XX

o
l’.

L]
Oy

AL
A

for the development of a renewable, non-polluting source of base load power,
essentially independent of season or time of day. Four sites are being con-
templated ranging from a few nautical miles to some hundred plus nautical
miles off-shore with water depths to 5,000 feet. In most instances the power
generated at the offshore OTEC plant will be transmitted to an existing shore-

based utility grid by means of submarine cables. The reliability of these

submarine cables over the life of the plant must be assured in order to meet
OTEC goals. They must be protected for a period of 30 years against both
natural phenomena; such as wind storm generated wave action, bottom currents,
bottom mudslides, or seismic activity; as well as human activity, such as
trawling, ocean mining, anchor dragging of sabotage.

An Interagency Agreement (IA) was initiated between the Department of
Energy (DOE) and the U.S. Department of the Navy in July, 1980. The purposes
of the IA are to assess the need for protection of the proposed OTEC power
transmission cables, identify the means or development requirements for accom-

plishing the required protection, and determine the costs and benefits assoc-

A

iated with this protection.

* - The passage of P.L. 96-310, the Ocean Thermal Energy Conversion (OTEC)
Research, Development and Demonstration Act, and P.L. 320, the Ocean Thermal
Energy Conversion Act of 1980, formally declared the Federal policy for the
development and commercialization of OTEC technology. Collectively, this
legislation in part mandates the demonstration of 100 MW of OTEC power by 1986,
and establishes as a national goal 10,000 MW of OTEC power on-line by 1999.
During the year 1980, a group of three industrial companies and the State of
Hawaii launched a tiny plant (Mini-OTEC) that succeeded in generating net
power from ocean thermoclines for the first time. 1Its 12 kilowatts were a
symbolic milestone, but it solved none of the engineering problems that face
builders of large plants comtemplated under this study.
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The Ocean Engineering and Construction Project Office, Chesapeake Division
of the Naval Facilities Engineering Command (CHESNAVFACENGCOM/FPO-1) in con-
junétion with the Civil Engineering Laboratory (CEL) was designated ;o perform
the study of the OTEC transmission cable protection criteria and technology.
The main task for FPO-1 was to establish the submarine cable protection crit-
eria requirements; through a study of environmental characteristics, hazard

analysis and protection techniques analysis, CEL was to identify contempory

cable protection technology.

1.2 OBJECTIVES

The FPO-1 study was to assess the need for protection of the seafloor
OTEC power transmission cables along the entire route from the shoreline to
the riser cable at each of the four primary plant sites. This assessment will
serve as the input to the concurrent study of the cable protection technology
conducted by CEL.

The end product of these studies, by both FPO-1 and CEL, will be a Cable
Protection Implementation Plan. This Plan, prepared with the assistance and
guidance of the DOE, will serve as a roadmap for accomplishi;g the appropriate

degree of cable protection consistent with OTEC requirements and schedule.

1.3 SCOPES

Al

The scopes of this study were to:

°© Conduct a literature survey on the environmental characteristics of
the specified OTEC plant sites and associated cable routes. The survey
includes the natural phenomena and man-made factors which will affect
the design life of the OTEC program;

° perform the historical data search on submarine cable faults. The
efforts were to concentrate on the identification, collation, and
analysis of existing data regarding cable hazards and faults and their
relationship to the OTEC program.
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CHAPTER 2. OTEC PLANT SITE AND CABLE ROUTES:
LOCATION, ENVIRONMENT & SEABED DESCRIPTION
2 1 INTRODUCTION
This chapter is concerned with describing the environmental and seabed
factors affecting submarine cable protection requirements at four specific
plant sites. The sites were somewhat arbitrarily selected by DOE and were
chosen mainly to represent the rather diverse seafloor conditions expected in
the OTEC program. Three of the four sites are "island sites", namely, immed-
iately offshore of: (1) Oahu, Hawaii; (2) Punta Yeguas, Puerto Rico; and (3)
Cabras Island, Guam. The fourth site is in the Gulf of Mexico, due west of
Tampa, Florida.
Reference 32 resulted from a literature search on the environmental char-
acteristics of the four plant sites and associated cable routes. The follow-

ing sections are excerpts from this study.

2.2 KAHE POINT, OAHU, HAWAII

Figure 2.1 shows the general location of the potential OTEC plant site
and the associated cable route. Coordinates for the plant ;ite are 21°19.5°'N,
158°12.5'W. Water depth at the plant site is approximately 3,500 feet and the
plant site is about 4.6 nautical miles from shore.

The plant site lies 0.07 nautical miles from the Oahu Submarine Tie Cable
which will have to be crossed by the OTEC cable. There are additionally sev-
eral other submarine cables outshcre of the site. The site lies close to Sub-
merged Submarine Operating Areas; these areas normally are 3.0 to 5.0 nautical
miles from shore. Pearl Harbor is 15 to 18 nautical miles from the site and
cable route and no pipelines are indicated in the area. The landfall is near
the Kahe Point Power generating plant, and the shore line is indicated to be

rocky. There arc no major river flows nearby.
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Figure 2.1 Potential OTEC Plant Site and Route
- Kahe Point, Oahu, Hawaii

The profile over the seafloor along the cable route is shown in Fig. 2.2

LT s T AT e .

The scale is true, namely, one vertical to one horizontal. The profile shows
a flat slope outshore from land for about 1.0 nautical mile at which point
the slope is sharply increased to 1 vertical to 4 horizontal until about 3.0
nautical miles offshore. The sea bottom from thereon is again a fairly flat
slope to the plant site, where the slépe is 1 vertical to 20 horizontal.

Normal tide at this site is semi-diurnal but has considerable inequality
in the heights of high and low waters. The range varies from 0.5 foot to

2.5 feet in height. Tidal currents from such a tide over the site are of min-

imum significance amounting to a maximum of 1.0 knot.

Ce . L. R TR T B B
3 . '-". RN - L L S P

R
- ’.'4.-'!('." T AL L A A S
BTN | PRI ORI WSS VIR SR T N Ul S SR |




AAIUPE AN AP AOL S AR AR C A YA e A AT O S S S S RN A EN A A A AN 35 00 B e i i e S g P g g 3 g
»a
AR

CABLE LANDFALL TO OTEC PLANT SITE DISTANCE (NM) | -

. i H
» SEAFLOOR SOILS . ; ]
¢

Coralline Reef Paciee \ | ; ! . :
with some Sand patches . Looee Coral Send {(Density « 93 #/cu.ft) 250" - 350' thickness -

K
o

i.._......{.,_.‘_._.

i R l '

!
|
|

LN § ' 1

k]

. K . 2.0 3.0 { (X3 : =
G T T t f T ' 3 1 ' T — T
Eg toc | : ® TIDE: Semidiurnal @ 4' to 24' ¢ WAVE: Significant Wave Height = 26 ft
o b l . Tidal Current & 1 kt Storm Wave Height = 37 1t
_E w} : ! ; : . Surface Current = 3.3 kts
< ol : ! 1 I | | : -
H ' ! H S . !
oy . T i
-t : ! { o ! | . LTIty
. ®e b Storm Current Affected Zone ) Minimum Affected by Storms i
() ' ; 1
L]
L00r
Lo
S

Coralline Deposits or Basaltic Bedrock - - |

i l N l i
! Pl l .
o SEAFLOOR MOVEMENT -- Some Eroeion on same por]gggn of the route )
: ! t ! ' i :
¢ SEISMIC ACTIVITIES -- Zone 1 | ; ' ! i ; ‘
Some seismicity (largest seismic event B.O Richter Scale @ 1948) !

i

i
|
[

L2 s s o

OCEAN_BOTT?M.DEPTH (F
$§1

Figure 2.2 Environmental Characteristics - Natural Factors

Kahe Point, Oahu, Hawaii

The proposed plant site is located on the lee side of the island of Oahu
and consequently is sheltered from strong tradewinds and high rainfall (about
20 inches per year). Hurricanes rarely strike the islands directly (about 1
in 4 years), but numerous hurricanes and less intense tropical cyclones, most
of them drifting westward from formation areas off the Mexican Coast, have
approached near enough for their outlgying winds, clouds and rain to effect
the islands. Maximum observed and reported winds are about 48 knots.

The sea bottom is expected to be coralline reef material overlain in
some cases by deeper water sand deposits. Offshore of Oahu, numerous submerged

\ shorelines and shelves have been observed. Two of these, the Lualualei Shelf
(-1,200 ft to -1,800 ft) and the wWaho Shelf (-3,000 ft to -3,500 ft) appear
to occur in the site vicinity. Water depths increase gradually to about -600

: ' feet, where a relatively steep scaryp, the Lualualei Shelf, is encountered
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which extends down to about -1,500 feet about 1.0 nautical mile offshore.
This shelf is about 1.0 nautical mile wide. A moderate slope extends seaward
down to the Waho Shelf at about -3,000 feet, roughly 3.5 nautical miles off-
shore. This shelf extends beyond the site area. For the Lualualei Shelf,
sediment thickness of 250 féet to 350 feet have been reported and similar
thickness are likely on the Waho Shelf.

In the near-shore area the sea bottom conditions are anticipated to be
coralline reef facies (relatively dense, locally cemented) with some sand
patches. With increasing depth, the coralline deposits (or basaltic bedrock)
may be overlain by sediments up to a few hundred feet thick. These sediments
are relatively loose near the sediment/water interface. Scarps, where present
are anticipated to be cemented coralline material. Sediment densities in the
vicinity of 1.5 grams per cubic centimeter are found in ocean sediments.

Significant wave heights are given as 26 feet annually and a maximum
of 37 feet during hurricane storms. These have been computed for the plant
site and are deer water waves. The lengths of these waves (crest to crest)
are about 470 feet and 670 feet respectively and water depth at the site is
5 to 7 times the wave length. It can be expected that these waves will move
towards shore until they reach the area where water depth is about 1/2 the

length of waves (i.e., 230 feet to 333 feet deep). This is about 1.0 nautical

mile from shore where the bottom begins its steeper slope. At this point, the ﬁf?

waves would tend to break, reform to a lesser height and break a second time as :‘j-
they approcach shore.

The maximum resultant current velocity from storms can be expected to
reach 3.3 knots in deep water; inshore in the shallow waters where breakers
will occur, it can be expected that this velocity may be exceeded. At the

plant site and for the outer 3.0 nautical miles of the cable route the current
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The seabottom for the first nautical mile from shore is expected to be

hard (coralline reef facies with sand patches) so that a minimum of soil move-
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ment can be anticipated. From the 1.0 nautical mile point outshore the sea- ity

bottom is expected to consist of gradually deepening sediments so that con-

siderable bottom movement can be anticipated for the next half nautical mile
approximately. Seabottom slides are not expected on the slope beyond 1.5
nautical mile since the slope is approximately 1 to 4. R

Although the region of the island of Oahu is not characterized as an

area of large seismic events, significant seismicity of a less extreme nature {{
does occur. The recent studies dealing with seismic risk evaluations have ;}i
. examined this question primarily with emphasis on the urban areas of land. i?;
The largest seismic event in historic times occurred in 1968 in the vicinity Eiﬁ
of South Point, Hawaii. This earthquake has been estimated to have had an ;:;
intensity of 8.0 on the Richter Scale and generated a large -tsunami. .?i
Tsunamis generated by seismic activity along the Pacific Ocean margin, i;a
the circum -~ Pacific Belt, have also caused damage in the islands. Eight ;if
tsunamis have caused damage in the islands since 1820. However, the bottom &;E}

in the vicinity of the site slopes uniformly seaward and does not present

the type of bathymetry which might enhance tsunami buildup.

The man-make environmental factors affecting the potential OTEC plant
site and sea bottom cable route are shown in Fig. 2.3. Ship traffic transit-
ing this site is estimated to be 600 to 650 ocean vessels per year. This

estimate is based upon written reports reviewed and upon discussion with the

operations office at the Port of Honclulu. It is likely that small vessel
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i traffic and some military sea traffic is not considered in this estimate. E%E
g
Local traffic is more likely to pass just west of the area than to cross \:z
through the zone. ' :E‘
There are about 500 fishing boats using the waters off Oahu, mostly for Eé'
bottom fishing; they include private sport fisherman, charter fishing boats L
and commercial boats. The average boat is small, about 20 feet in length. SE:
. Some of the commercial vessels are equipmed with power pulling equipment for ;i:

water depths up to 1,000 feet. There is under construction a vessel of a

length of 67 feet designed for tuna and albacore fishing.
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Figure 2.3 Environmental Characteristics - Man-made Factors

Kahe Point, Oahu, Hawaii
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The middle Pacific Ocean has one of the richest and densest manganese

.

nodule deposit areas in the world. The manganese nodules are usually present
in deep ocean trenches rather than continental shelf rises, areas w;;h'post
volcanic history, and mid-ocean ridges. These conditions all point to the
presence of manganese nodules in the Hawaiian Island waters, including the

Kahe Point area. Field investigation has to be done to determine exactly how

far offshore the nodules are present.

2.3 PUNTA YEGUAS, PUERTO RICO

Figure 2.4 shows the general location of the potential OTEC plant site

17957 K ::_
6=O0LE" W f-.}
OTEC PLANT SITE —n

oIXXIrrizitls

Water Depth in Futhom:

xxxl 1xxi E E::: » ®
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Figure 2.4 Potential OTEC Plant Site and Route

Punta Yeguas, Puerto Rico .
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and the associated cable route. Coordinates for the plant site are 17°57'N, b,
©5°48'W and for the cable landfall are 18°01'N, 65°50.3'W. Water depth at
the plant site is 4,920 feet and the plant is about 4.4 nautical miies from
shore.

The plant site lies 1.5 nautical miles beyond the Territorial Sea Line.
The site is in line with sea traffic coming and going through Viegues Passage
but not in line with normal sea lanes of traffic between the Atlantic Ocean
and Panama, Colombia and Venezuela. The site and cable route lies close to

Puerto Yabusoa and to Puerto Maunabo. No submerged cables or pipelines are in-

dicated.
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Figure 2.5 Environmental Characteristics - Natural Factors

Punta Yeguas, Puerto Rico
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The profile over the seafloor along the cable route is shown in Fig. 2.5.
Indicated here is a flat slope outshore from land for about 1.0 nautical mile
and thence a sharp drop of aboﬁt'Z,OOO feet, gradually flattening o;t to the
plant site where the slope is 1 vertical to 30 horizontal.

Tide at this site is semi-diurnal but with considerable inequality in
the heights of high and low water. Tides vary from 0.5 foot to 2.5 feet in
height. Tidal currents over the site are of minimum significance amounting to
a maximum of 1.0 knot.

The site lies in the path of westward moving North Atlantic tropical cir-
culations and occasionally it experiences winds of hurricane force. The hur-
ricane season generally begins in June and continues into November. During
this period, several hurricanes can be expected to affect the site.

The sea bottom sediments for the flat slope out from shore a distance of
less than 1.0 nautical mile are described as coarse clastics, consisting of
rock and shell fragments and coral. The sea bottom sediments in the deep slope
towards the site are described as calcareous oozes, clayey silts to silty muds
underlain by dense sand.

Ssignificant wave heights are given as 29 feet annually with a maximum of
50 feet during hurricane storms. These have been computed for the plant site
and are deep water waves. The 1ength§ of these waves (crest to crest) are
about 520 feet and 900 feet respectively and water depth at the site is 5 to
9 times the wave length. It can be ecxpected that these waves will move to-
wards shore until they reach the area where water depth is about 1/2 the
length of waves, (i.e., 260 feet to 450 feet deep). This is about 1.0 naut-
ical mile from shore where thec sea bottom begins its steeper slope from the
shallow flat beach stretch. At this point the waves would tend to break, re-

form to a lesser height and break a second time as they approach shore.
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The maximum resultant current velocity from storms can be expected to
reach 4.0 knots in deep water; inshore in the shallow waters where breakers

will occur it can be expected that this velocity may be exceeded. At the

plant site and for the outer 2.5 nautical miles of the cable route the current

produced at the sea bottom by a 4.0 knots surface current would be negligible.
Sufficient sea bottom current to disturb soil particles laying on the bottom
can then be expected from shore outward about 1.1 nautical miles.

The sea bottom for the first nautical mile from shore is expected to be
hard (coarse clastics, consisting of rock and shell fragments and coral) so
that a minimum of soil movement can be anticipated. From the 1.0 nautical
mile point outshore, the sea bottom is expected to consist of gradually deepen-
ing sediments so that considerable bottom movement can be anticipated for the
next 0.5 nautical mile approximately. Sea bottom slides can be expected on the

- slope beyond 1.0 nautical mile since the slope is approximately 1 to 2.

Along the north side of Puerto Rico there is an active major fault line

which begins in Central America, forms an arc across the Caribbean Sea, extends

north of Puerto Rico, then bends southeast beyond the Virgin Islands towards

A
Venezuela. This area accounts for 0.9 percent of the world's seismicity (based ;ﬂﬁ
ROk
on energy). SN
lu_,.
Figure 2.6 shows the man-made enyironmental factors affecting the poten- ﬁE:’

tial OTEC plant site and sea bottom cable route. Ship traffic in and near the

Puerto Rican site is estimated using ship data only; no information for this

O
.c..h '.1

area was available from authorities in Puerto Rico. It is estimated that

ship traffic is approximately 450 to 500 vessels per year, using ship weather
reporting as a basis. This estimate may be too high, as there is considerable
variability in monthly report counts through this zone. Ship traffic includes

cil tankers and oil barges with tugs.
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) The fishing fleet in the vicinity of Punta Yeguas is composed mainly of
2 small local craft less than 25 feet in length, although about a dozen larger
N v
3 craft of the 50 feet class are known from nearby ports. There is some known

trawler activity, with only limited f%shing for snapper on the site itself.
Handlining, gill netting and reef fishing are common, especially near Grappler
Bank which is a favorite lccal spot. Some sport fishing is also known.

The marine sediments surrounding the potential OTEC plant site do not
appear to contain any minerals with potential for mining. Though the Carrib-
bean Sea is an area that has natural gas and oil reserviors, the southeast

coast waters of Puerto Rico has been explored for oil and natural gas, but with-

out success.
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2.4 CABRAS ISLAND, GUAM o

Coordinates for the plant site are 13°28.9'N, 144°40.3'E, and for the

g CNSALRN A L g

cable landfall are 13°28'N, 144°40.9'E, as shown in Fig. 2.7. Water depth at

the site is 2,000 feet and the plant site is 1.1 nautical miles from shore.

o i

There is no submerged cables or pipelines indicated near the plant site E
N

- L -

and cable route and the sea lanes for normal sea traffic are well of fshore. f%x
The landfall is coral and is located close to Piti Canal. There are no other C%}
S
wd

river outflows. Apra Harbor lies about 5.0 nautical miles away. A sewer out- B
L.
fall may be nearby. {QJ
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Figure 2.7 VFotential OTEC Plant Site and Route F:

Cabras Island, Guam
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The profile over the seafloor along the cable route is shown in Fig. 2.8.
Shown in this figure is a relatively short flat sloping beach for les; than
0.1 nautical mile from which the bottom then slopes more or less unifofﬁly to
the plant site at about 1 vertical to 2.5 horizontal.

Tide at this site is semi~diurnal but with considerable variation in the
heights of high and low waters. Tides vary from a mean range of 1.7 feet to
a range of 2.4 feet when the diurnal tides are prominent.

Tidal currents over

the cable route are of no great significance amounting to a maximum of 1.0 knot.
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Figure 2.8 Environmental Characteristics -
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Cabras Island area, lying in tropical western North Pacific waters, is
generally under the influence of the easterly trade winds throughout the year.
In winter, the trades show a shift to northeasterly, when monsoonal }low be-
tween the Asiatic High and Australian Low reach their maximum. In summer, the
trades become southeasterly, as thermal low pressure over Asia interacts with
the intensifying North Pacific High.

The Intertropical Convergence Zone (ITCZ) lying between the North and
South semi-permanent highs, lies north of the equator in summer. When the
trade winds are at their greatest strength, and the ITCZ is most active, tro-

pical cyclones may develop at this latitude. This is most likely in the late

summer and fall months. Gales occasionally occur in winter, associated with
the passage of typhoons. Typhoon frequency is fairly high in this area, with
an average of one storm per year forming in or near the Marianas, or moving
through the area. During the summer rain season, thunderstorms are fairly com-
mon in the area and are frequently accompanied by brief squalls. Maximum ob-
served and reported winds are about 48 knots.

The sediments in the ocean at this site consist of coral, mud and sand
which grades downward and outward into Globigerina ooze, which in turn grades
into Radiolarian ooze and red clay at very great depths. A number of samples
have been taken by U.S. vessels in the past years around Guam. One sample
taken off the northerly end of Guam i; 810 feet of water consisted dominantly
of Foraminifera, comminuted coral, fine sand and silt, with some Halimeda
debris. No ledges of bedrock were found in the dredging samples. The beach
sand of Guam along the northerly part of Guam are white or buff sands that con-
sist of calcareous organic remains.

A reasonable assumption of significant wave heights would expect wave

heights of 50 feet during typhoon storms., These would be for the plant site
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and would be deep water waves. The length of these waves (crest to crest) is
about 900 feet and water depth at the site is about 2 times the wave length.
These waves will move towards shore until they reach the area where ;ater depth
is about 1/2 the length of the waves, i.e., 450 feet. This is about 0.2 naut-
ical miles from shore. It appears that the sea bottom slope is fairly uniform
at about 1 in 3. At this point the waves would tend to break, reform to a
lesser height and break a second time as they approach shore.

The maximum resultant current velocity from storms can be expected to
reach 4.0 knots in deep water; inshore in the shallow waters where breakers
will occur, it can be expected that this velocity may be exceeded. At the
plant site and for the outer 0.7 knots surface current would be negligible.
Sufficient bottom current which will disturb soil particles laying on the sea-
bottom can then be expected from shore outward about 0.4 nautical mile.

The sea bottom is expected to consist of coral, mud and sand except for
a short distance from shore where coral outcropping occurs, so that soil move-
ment can be anticipated. Bottom slides are not expected on the slope since
the slope is approximately 1 in 3.

Guam and the Marianas Islands separate the Philippine Sea, one of the
deepest ocean basins from the Pacific Ocean. To the west of the island is a
major ocean trench; the maximum Pacif%c Ocean depth has been recorded in this
trench. Shallow guakes between the trench and the islands occur, but the
greatest scismic activity is in the North Marianas Islands. These islands
along with the North and South America West Coast form the Circum-Pacific
Belt. This belt accounts for 75.6 percent of the world's seismicity. The
Marianas Islands, represent 3.9 percent of the world's seismicity. The last
major quake occuring in Guam was in the year 1862, based on data to 1974.

Figure 2.9 shows the man-made environmental factors affecting the poten-
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Figure 2.9 Environmental Characteristics - Man-made Factors

Cabras Island, Guam

tial OTEC plant site and the sea bottom cable route. Although navigational
procedures in this area restrict it from general traffic, it4is estimated
that 400 to 450 ocean vessels pass the site to the seaward each year. This
figure is based on limited ship report data for only portions of the years
searched. '

The entrance to Apra Harbor lies between the terminus of a 1.5 mile break-
water extending westward from Cabras Island and the reef fringing the north
side of Orote Point, located approximately 1.8 miles southwest of the break-
water terminus. Ships approaching the harbor from the north are advised to
keep five miles offshore until Orote Point bears 180°. Then a southerly course
can be steered to the entrance. If these sailing directions are followed, ship

traffic using Apra Harbor will maintain a distance at least two miles from the
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plant site.

All port activities on Cabras Island are confined to its southern <hore.
Little, if any, activity is indicated on the north shore, excepﬁ fo; the
breakwater to the west of the island and an occasional small vessel near the
site.

Within the 1.1 nautical mile distance offshore Cabras Island there is
only local small boat fishing. There is no indication of trawler activity.

Guam, including the potential OTEC plant site, is surrounded by coral
reefs, and calcareous formations. These reefs contain calcium carbonate which

is a potential ocean mining mineral. Calcium carbonate is used in the chemical

industry and also the construction industry to produce cement.

2.5 WEST COAST OF FLORIDA, TAMPA, GULF OF MEXICO

Coordinates for the proposed plant site are 27°40'N, 85°30'W and for the
cable landfall are 27°52.5'N, 82°51'W, as shown in Fig. 2.10. Water depth at
the plant site is 3,280 feet and the site is 145 nautical miles from the shore.

The plant site lies about 20 to 30 nautical miles outshore of a Disused
Explosive Dump Area which will be crossed by the bottom cabie. An Explosive
Dumping Site lies 30 nautical miles outshore, as does a Missile Test Area at
about the same distance. There are bottom obstructions near the cable route,
as well as artificial fishing reefs.

No pipelincs are indicated in the area. The plant site lies in the Sea
Lane from Pensacola, Florida to Key West and the Sea Lane from Mobile, Alabama,
to Key West lies just offshore the sitc. Landfall is on a sandy beach named
Indian Rocks, between Clearwater and St. Petersburg.

The profile over the seafloor along the cable line is shown in Fig. 2.11.

The scale used in this figure is 1 vertical to 30 horizontal. Indicated here

19
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Figure 2.10 Potential OTEC Plant Site and Route

West Coast of Florida, Tampa

hN

'- .

.

is a very flat slope for 70 nautical miles from shore, about half the distance

Ye'a o
.

to the plant site. Beyond this point' the slope gradually increase to about

1 in 10 at the site.

Tide at this site is semi-diurnal but with considerable inequality in the

ey

heights of high and low waters. Tides vary from 0.1 foot to 3.0 feet in

height. Tidal currents over the cable route are no great significance amount-

ing to a maximum of 1.0 knot.

The cable landfall site is at Indian Rocks Beach, a white sandy beach area.

The Florida Middle Ground or Florida Platform is between the shore and the

20
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Figure 2.11 Environmental Characteristics - Natural Factors

West Coast of Florida, Tampa

Florida Escarpment. This platform is a gradually sloping submarine terrain
which thousands of years ago was part of the dry Florida Peninsula. As the

sea water level rose, the fresh water‘swamps were gradually taken over by the
saltwater. Thus the platform sediments are basically of the same composition
of the Peninsula. A shallow area less than 10 feet deep of mud is present;

the sediments are shell sands with concentrations of heavy minerals. The sand
contains the minerals quartz, feldspar with an average of over 80 percent of
the grain's diamecters between 0.062 to and 2.0 m.m. As the platform approaches

the escarpment, foraminiferal remains are present in the deep water bottoms.

This is the typical marine sediment until the Florida Escarpment is reached.

.
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The Florida Escarpment separates the Florida Platform from the deep ocean

e e

basin of the Gulf of Mexico. The escarpment is an area of dead carbonate

reefs. At the plant site in the deep Gulf basin there is'mostly carbonates

, '.’~"v N
."r PRI
L )

and clay sediments in the upper seven meters. There is no silt, with very

little sand, and some Globigerina ooze present at the surface.

CUHlNFY S S

Significant wave heights at the plant site are given as 42 feet annually

AR A

and a maximum of 50 feet during hurricane storms. The lengths of these waves

A 'YSCREE N

(crest to crest) are about 750 feet and 900 feet respectively and water depth

; at the site is then 3 to 5 times the wave length. The waves will move towards
? shore until they reach the place where the depth is about 1/2 the length of

- waves, (i.e., 375 feet to 450 feet deep). This is about 90 to 100 nautical

'f miles from shore where the sea bottom begins its steeper slope. At this point
:i the waves would tend to break, reform to a lesser height and break a second

E . and more times as they approach shore.

:; The maximum current velocity resulting from storms can be expected to

E reach 4.0 knots in deep water; inshore in the shallow waters where breakers

i will occur it can be expected that this velocity may be exceeded. At the

. ¢

LA
1

plant site and for the outer 35 nautical miles of the cable route the current

¥y

produced at the sea bottom by a 4.0 knot surface current would be negligible.

Sea bottom current sufficient to disturb soil particles laying on the bottom

SRS

can then be expected from shore outward about 110 nautical miles.

The sca bottom from shore outward 110 n.m. is expected to have sedi-

L R i
D)

ments of shell sands with concentrations of heavy minerals about ten feet deep

so that movement of the soil at the sea bottom can be anticipated for this

2 OGRS

7

distance. Bottom slides are not anticipated for the slope over the entire 145
nautical miles is relatively flat.

The eastern Gulf of Mexico is not ncar any major fault line, therefore it
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Figure 2.12 Environmental Characteristics - Man-made Factors

West Coast of Florida, Tampa

is a low seismic area.

Fiqure 2.12 shows the man-made factors affecting the potential OTEC plant
site and the sea bottom cable route. Ship traffic through this area is esti-
mated to be 650 to 850 ocean vessels ﬁer year. This count does include some
of the smaller vessels which trade between Gulf Coast ports and Tampa. The
large spread in the estimate is due to the consideration of ship reports and
the Port of Tampa arrival and departure information. Ship traffic includes
0il tankers and barges.

There is extensive fishing activity, both commercial and recreational
in this area, including trawlers, charter boats, and private sport fishermen,

mostly from the Port of Tampa. There are a number of artificial reefs as

23
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close as 20 miles and there is the popular Middle Ground, a natural rock form-

ation, located about 90 miles from shore. Fishing activities include commer-

cial scallop dredging, a small amount of recreational scalloping inshore,

.

. .
A

»

LA

shrimping, bottom, reef and long line fishing.

There are about 400 fishing boats less than 5 gross tons and about 100

boats over 5 gross tons, which are mostly tuna boats. About 1,300 fishermen

DG AN -~ LN
"

are engaged in this activity. BAbout 11 million pounds of fish are produced

commercially in the Tampa area annually. The sponge industry is now very

-

small but there are signs of regeneration.
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On the Florida Escarpment in the Gulf of Mexico, particularly in the
vicinity of the OTEC plant site there are reefs of dead calcareons. These
calcareons formations are a potential calcium carbonate mining area. The Gulf
of Mexico waters are a rich oil and natural gas producing area. Presently,
most of the offshore drilling is located in the northern and western Gulf of
Mexico. Natural gas and oil reserviors may be discovered in the eastern Gulf
of Mexico, especially in the deeper waters west of the Florida Escarpment as

exploration for o0il and natural gas continues.
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CHAPTER 3. BOTTOM CABLE HAZARD ANALYSIS

3.1 INTRODUCTION . .

A hazard is a natural or manmade phenomenon that is potentially a source
of damage to a cable system. Usually the time of occurrence and the extent
of damage cannot be predicted for an individual case; however, overall pro-
babilities can be assumed. General techniques for alleviating hazardous
conditions in the design of a cable system are: (1) to avoid the hazard,

(2) to accept a calculated risk, (3) to provide protection for the assumed

"worst case" during the cable design life (30 years in this study) and (4)

lay & redundant cable.

3.2 NATURAL HAZARDS

The water depths and slopes along the cable routes are important items
of topographic and hydrographic information. A shallow water depth is
associated with higher wave action on the seafloor as well as stronger cur-
rents carrying morc bottom sediment which can produce chafe and consequent
corrosion. The higher oxygen content and more abundant plant and animal
life of the shallower waters will increase the incidence of biological fou-
ling and attack and subsegquent corrosion. Certain seafloor areas are more
susceptible to seismic activity and submarine slides which can both displace

v

seaflocr areas and cause cable failure. Clearly, these areas should be

avoided if possible for caeble installation.

3.2.1 CHATE AND CORRQOSION
Chafe and corrocion of a cable are caused by water current and wave-
induced metions. The chafing process removes the outer protective layer or

coating of a cable, thus exposing the steel strength wires and making them

susceptible to corrosion by the sca water. Chafing occurs by the action of
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; abrasion (a) by the sand or gravel moving across the cable by current or ;?
: wave driven motions or (b) by the grating back and forth of a cable over o
} hard rock surfaces, when driven by currents or wa;é'motions. A cablg can be ::[
: lifted or dragged across a seafloor by the orbital action of waves. Currents EE

%

A4
Ly

and waves can erode seafloor and remove any protective seafloor cover where

% Pk

“v

'.'
e e %

a cable is buried, thus exposing a cable to the same hazards as a cable laid

on the seafloor without protection.
- The maximum hazard exists when (a) water currents are the greatest (b)
when wave heights are the highest (c) when wave periods are the shortest
and (d) when these actions of (a), (b) and (c¢) are in a direction perpendic-

ular to the cable line.

. It is particularly important to identify the existence of seafloor sur-
& faces that have hard consolidated strata such as gravel, cobble or boulder

d lavers that could potentially be subject to scour and exposure of the bedrock.
If the cable is laid on a sandy bottom the cable will usually sink some short
distance below the scil surface under the influence of wave action if suf-
ficient slack is left in the cable to allow it to sink as the soil particles
move beneath it. If, however, all of the sand over a hard seafloor strata

is removed, then the cable will be directly subject to wave and current

%

forces as well as to abrasion by being moved over the rock.
v

Corrosicn can also be induced biologically through the fouling by bottom
organisms such as bryozoa, shcll and spenges to a degree that could impair or
intcrfere with cakle operations but these processes are usually limited to
water depths of less than 10 fathoms (See reference 6). The more common
types of biological fouling found to affect cable installations are kelp and
coral. If the cable is not well buried then kelp can attach itself to the

cable. Kelp has been obscerved at depths of 40 fathoms but the heaviest growth
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seems to occur in less than 8 fathoms. There are reports of coral growth on
cables located in tropical waters but these growths usually appear as small,
isolated clumps, averaging about 6 inches in diameter. .

The hydrodynamic effect of large amounts of kelp or coral attached to a
cable can be significant. In areas of very active coral growth the cable may
become completely encased in a coral formation. However, the growth rate of

coral is slow even in the active tropical areas (about 1/2 inch per year).

3.2.2 SUBMARINE LANDSLIDES
Submarine landslides are the phenomenon of the mass movement of seafloor
sediments caused by unbalanced gravity forces. Submarine landslides are of
particular importance in the delta areas (where rivers empty into the ocean)
because of their soil characteristics which are as follows:
° High rates of sedimentation (excessive sedimentation loading)
° Sediments of very low shear strength unconsolidated clay
° Rapid biochemical degradation of organic materials in the deposits
(formation of large quantities of in-situ sedimentary gases, primarily
methane and carbon dioxide. |
The unbalanced gravity forces causing submarine landslides in the delta
areas are the pressure changes on the seafloor associated with the passage of
storm or hurrican waves. The magnitulle of this pressure change, Ap, which is
in phase with the wave, depends on the wave length, the depth of water and the
wave height. The differential loading of the surface of an underwater ground
surface will impose stresses on underlying soil and, if the stresses exceed
the strength of the soil, significant displacement may occur which may intro-
duce tension forces in a cable sufficient to cause failure.
Reference 10 presented an analytical approach to compute the depth of

submarine landslide induce by wave forces. The computation procedures may
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Figure 3.1 Geometry of Assumed Surface of Sliding

be depicted in Figures 3.1 to 3.3. 1In Figure 3.1, a sinusoidal pressure
change of amplitude, A p, and wave length, L, is assumed to act on the surface
of the ocean floor. A possible failure mechanism of sliding along a circular
arc failure surface was assumed in order to compute the depth of the failure
circle, d. 1In the Mississippi Delta ?reas, the relationship between pressure
change on the seafloor and the maximum depth of the failure circle is shown in
Figure 3.2. 1In the figure,X is the submerged unit weight of the overlying
scdiments,/g is the slope angle of the seafloor (shown in Figure 3.1), and ) S
is the ratio of the undrained shear strength, Cu, at a depth z, to the pressure
associated with the submerged weight of overlying sediments (i.e.,)( = Cu/ z).
Figure 3.3 shows that for a deep-water wave 30 ft high with an initial wave-

length of 6900 ft, the pressure change on the seafloor is greater than 200 1lbs/
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sg. ft. for water depths between 10 ft. and 200 ft. while a peak value of
63C lbs/sc¢. ft. is found at a water depth of 50 ft. According to Figure 3.2
this wave ney causc submarine landslide to the derths of 50 £t. to 160 ft. be-
1ow mudlane.

Wher the underwater sloje 36 delta area is more than 1 degree (1 ver-
tical to 56 horizontel) then the site is potentially hazaraous.

In an arca that is not in a delta or scismic zone then a slope greater
thion 4 degrees (1 verticel to 14 horizental) shouléd be treated as potentially

utisafe .,

29

PRI PE LR Ut oy P I DY Y Sy A Oy Sag (PRSI E-PW RN P G- PSPy PN BT G I A W Sl G 1N S - Wi G DI N B AP S S G e,




Dt Jat il & _aaand i i ul i g

L S L R R L L L L L R A A T A R T T R T T T U T IR A R LT S TV T LV LY N UV O R DY U W N D T LN Y TP UWT

» - . U T Tt e ¥ e o7 - - . ~ -
T e S K T T e e e et -
P RPN AR T et T T e
LG AEE 8. S ML S C LW, U S T PR AP GNP SR AL WAL oM VAT VAR R PR R R R

| : '
P f
600 | | e Wave Leniti,/&...l
. I N s . 1
l i M / : . 'X fl
! \ e ' '
© . 500 ! , ] ) :
3 ! 1
- ! A i
£ P / ;
é 400 | , / - ' -~
A P ! \\‘ i §
g Coo . e
< : N i ! -
= 300 Wave Height ', £
M . . I : T
0 e .- “ 2
-— '/ -“\. =
- : | AN =
200 | ! N 2o &
. .o L -t 2
(?; ; N ' =
v o 4 ™~ .
2 : \\\\\\ :
Z c ‘
L 100 . : . 10
q {
o . _ ‘ : . _i0
0 50 100 150 200 250 300

WATER DEPTH (Feet)

Figure 3.3 Relationship among A p, Wave Length, Wave Height and
water Depth for 30 ft Deep Water Waves at 10.9 second Period
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3.2.3 EARTHQUAKES

Al

Submarine earthguakes incite seismic forces that may cause sliding of one

face of a fault zone relative to the other (usually only a few feet relative -]

displacement), or cause the slumping or sliding of blocks or sheets of sea-
floor (displacement of a few hundred feet). Earthquake vibrations can trigger
a slow slide and turbidity current.

Breaking tensions can be induced when the cable is caught up and included

in the moving scafloor mass. Cables that traverse an initially unstable sea-
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floor, even if buried 3 or 4 feet deep, would undoubtedly be broken by any

sizeable seafloor movement. In a seismic area any underwater slope of more

than 3 or 4 degrees (1 vertical to 14 to 19 horizontal) should be tr;ated as

a potentially unsafe area. It is always wise to investigate the area for past

seabed earthquake occurrences and the risk of future earthquakes.

3.2.4 MISCELLANEOUS (Wind Storm, Brushwood, Falling Rock, Teredo, Cable Sus-
pended over Rock, etc.)

Wind storms (including hurricanes, typhoons, squalls, etc.) can generate
large currents and waves that induce large drag and lift forces on exposed
cables. Where the cable is near a river mouth that is flooding, great amounts
of brushwood and trees are discharged into the ocean. If this flood debris
and other flotsam becomes entangled with the cable then the current forces
which are proportional to the submerged area will become greatly increased.

Cable failure by a rock avalanche is considered rare. However, large rock,
rock outcrops and boulders are obstacles that should be known or avoided.

Cable suspensions more than 60 feet are common on rocky seafloors. These
freely hanging spans will induce tensions in the cable proportional to the
square of the span length.

There was one reported incident of failure damage to a communication cable
by a whale that apparently was feedin? along the seafloor and its lower jaw
went beneath the cable laying near the surface (Ref. 6).

Marine corganism gencrally are not a problem with present polyethylene-
insulated cables. However, teredo attack on these cables can be invited by
attaching materials susceptible tc teredo attack (manila or hemp line, or canvas)
to the cable (Ref. 7 and 8). Once a mollusk is attached to a cable some pene-
tration may be attempted but the net effect of marine organisms on the perfor-

mance ¢f a well-designed cable system is minimal.

31

. . e . ..‘._.' e e

e

KR
“.l"l .
PP WV

0
o'
)

ol al

T o T
LY
-t

"

P

. mw A
' .'."‘ 'v"‘"“:’
AR B S5

(.
ORI

B PR

%
'
PR

b

s, '-P'I",
L4845

.
" 'l

r'

£,
0

.
N

PR A
:u"n »

{-

o
/

.
Qo
S




s oa N

3.3 MANMADE HAZARDS
3.3.1 FISH TRAWLING/CABLE GRAPNELING/OCEAN MINING

{a) Fish Trawling

Two types of seafloor fishing gear are commonly used by trawlers.

(1) OTTER-TRAWLS

Figure 3.4 shows the configuration of the otter-trawl equipment which con-
sists of the fishing net, otter-boards and the towing wires. Damage to the
cable can occur when cables are snagged by the otter-boards that are dragged
along the seafloor to keep the mouth of the trawl net open. The otter boards
are constructed of hardwood boards reinforced with steel plates. They weigh

approximately 1-1/2 tons each. The towing wires are approximately 1 to 1-1/4

inches in diameter with breaking strengths of about 30 to 40 tons. The normal K

fishing speed is 4 to 5 knots in waters as shallow as 120 feet. )

///trawling net >

otter board

Figure 3.4 Intcrfercuce of Trawling Otter
Boards and Submarine Cables
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(a) Beamtrawl shoe as used in the
Norweigian Experiments. A 16" ¢
pipe-line is also shown.,

(b} Modified beamtrawl shoe; a hoop
is welded in front.

(c) fodified beamtrawl with double
bridles.

Figure 3.5 Side Views of a Beamtrawl Shoe Used in North Sea Areas

(2) BEAM TRAWLS

The beam trawl gear consists of the fishing net, trawl beam and shoes,
and tow wires. The average beam length is about 32 feet (10 meters). The shoe
is made of cast iron or welded steel p;ates as shown in Figure 3.5. The ave-
rage total weight of a fully rigged beam trawl is about 4 to 5 tons. However,
the heaviest beam trawl gear can weight about 6 tons.

when the fishing gear is lost, the trawlers usually use old anchors drag-
ging around the seafloor area to recover it. The average weight of the drag-

anchor is about 1,100 pounds (500 Kg). Figure 3.6 from reference 23 shows the

dcpth of penctration into seafloor soil by the trawler fishing gear and the

33

.
e
.

e, A

. e ..
L N A

.
‘
S SN Y

m



40 cm

100

90

80

70

60

50

40

30

20

PENETRATION INTO SEAFLOOR SOILS (cm)

10

3.3.1 ()

poard of T

Claw of Beam Trawls ;

Hard Soil Soft Soil
SOIL CONDITION

Figure 3.6 Penetration of Fishing Gear and Anchor

recovery drag-anchors. According to the curves shown in the figure, the beam

trawls barely penetrate into the seafloor. The maximum penetrations of the

A

otter boards and the 500 Kg (1,100 pounds) drag-anchors are, respectively,. about

(1 foot 4 inches) and 73 cm (2 feet 5 inches).

CARLE CRAPNELING

Cabhle grapnels arc used to locate and bring a cable to the surface for

repairs.

Figure 3.7 shows several standard types of grapnels each suited for

different conditions. In general, a grarnel is used to hook a cable by towing

the grapncl along the occan bottom from a cable ship. Normally, the grapnel
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should be towed in a direction so that it approaches the cable at nearly a
right angle. This presents the best opportunity for the grapnel to hook and

engage the cable. Rope is usually used to tow a grapnel. The requiréd length

AR
R

of grapnel rope depends on the water depth, rope weight and hydrodyamic pro-
perties, ship speed and bottom tension. The towing speed is usually limited
to less than 2 knots since the greater the speed, the more the line tends to
lift away from the bottom. Heavy chain pendants are frequently used to assist

in keeping the grapnel depressed.

l‘l l-‘
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\

1}4}
{
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\/
q!x 7
: s int
Cy 5 prong round pearpoin
bottom I
Grapnel Gifford :
JH -'-
I 15 J;E;D D)
N0y %.— \5 = ]

Centipede sliding prong

Standard

Figure 3.7 Types of Grapnels
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3.3.1 (c) OCEAN MINING

Mining mineral from the seafloor has long been attempted through the

.

il

.

centuries, but not until recently have business corporation organized to dev- {:
o
-.‘
elop the technique and methodologies for large scale mining operation. The ;\i

<

main factors affecting future ocean mining development are:

®* Economical feasibility to compete with land resources

®* Trans-ocean logistic problems in handling ores e
®* pollution control resulting from mining and ore processing _
-
®* Mineral rights and the Law of the Sea Treaty negotiation H~j
Table 3.1 summarizes the current knowledge of ocean mining activities. It ﬁ:j
N

is seen that ocean mining industries are still limited to certain locations for

specific minerals except the mining for sand and gravel which is active in

)

Table 3.1 Types of Ocean Mining

)
i
)

Tvoe of T I Operating i g O
Source Location { yp i Water Depth ! Note , o
{ Mineral | : : o~
‘ (feet) : Yy
Ref. 5 World Wide ' Ssand;Gravel = 10 to 140 ~ *Hydraulic suction L
k ' * and dredge
Ref. 5 Thailand; Tin 85 to 135 " ®*Bucket dredge
© Indonesia; 235 *Hydraulic dredge
Malaysia 200 ®*Grab dredge
Ref. S Australia Iron Sand; E 10 to 130 *Dredge
old
Ref. 11, Georgia/Florida Manganese 2,500 to
12, Blake Plateau Nodulces 27,000 °®*Airlift hydraulic
25 suction and
dredge
*Experimental work
only
Ref. 11, Pacific Ocean Manganeso 15,000 to
1z, Nodules 18,000 *Airlift hydraulic
25 suction and
dredge
*Experimental work
only
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many parts of the world. The table also shows that the mining operation for

sand, gravel, tin and iron ores is up to about 250 feet water depth. The

mining of manganese nodules in the future (Figure 3.8) will be concentrated

Pl iad

on a large flat plateau area in the water depth of 15,000 to 18,000 feet

v_ v

(Ref. 25). The mining of manganese nodules should not interfere with the

OTEC plant and transmission cable installation.
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Figure 3.8 Unloading A Wirc Dredge Basket Filled With

TR

Nodules Recovered From The Seabed After A Television Survey.
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3.3.2 SHIP ANCHORS

The OTEC Submarine cable may be damaged by a ship anchor as the anchor
is being pulled horizontally during setting, retreiving or dragging.. The
damage occurs as the anchor engages and slides along the cable which may cut
and pull apart the cable external armor layer and internal core. The degree
of this hazard is characterized by the frequency of various size vessels
dragging their anchors in the vicinity of the cable. Of course, larger ships
will have larger anchors that will bury deeper and have the capability for
more damage when engaging a cable.

Ship anchors are used to develop holding power on the seafloor for mooring
a floating body permanently or temporary on site. The major factors affect-
ing the anchor holding powers are:

° Anchor weight

° Anchor shape (or type of anchor)

°® Soil characteristics at the anchor site

° Anchor traveling distance

° Angle of chain connecting

° Fluke angle

° Fluke areas

Figures 3.9 and 3.10 illustrate the typical traces of an anchor holding
power as the function of anchor weight: travel distance, fluke angle, and the
scil characteristics. In sandy bottom (Fig. 3.9), an anchor in almost all cases
develops its full heolding power at about 50 feet of traveling distance. 1In mud
rottom (Fig. 3.10), an anchor in almost all cases develops about 80% of its
holding power at 50 fect traveling distance and full (100%) capacity at about

150 fect.
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Figure 3.11 illustrates the penetration depths for different types of

anchers in relation to ship weight for bulk carriers and tankers. Figure 3.12

illustratec the same factors for genecral cargo and containerships.

3.3.3 SABOTAGE/CUT BY MAK

Some failures in the past have occured because of this hazard but for
the present cable under study the outer armor is expected to be so strong
that it would take a very delibcrate work crew using underwater cutting and

burning tocls ylus demolitions te scver this cable and cause failure.
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3.3.4 CABLE MATERIAL FAILURE

a) Kink and Twist - Kinks start as loops of cable wound on themselves.
when the loops are pulled tight, armor wires and conductors are perméﬁently
bent, thus severly damaging the cable at the kinks. Shorts or open circuits
are likely to occur at the point of kinks.

For a twist or loop to develop in a tensioned cable two conditions must
prevail. The cable must turn on itself, thus storing torsional energy, and
the tension must be released. Most cables, with the exception of those pro-
perly torque-balanced, will turn when free ended. Du;ing lowering, if the
payout rate is such that the speed of the cable exceeds the laydown rate then
the cable will be in a slack loop, probably full of kinks. When on station
with the winch stopped, ship roll will result in cable up and down motions.
1f the rate of fall of the cable is larger than cable laydown, the cable will
again be slack.

b) Vanished Core - Not within scope of this study.

c) Repeater Failure - Since there are no repeaters of power cables, this
item is not within the scope of this study.

d) Armor/Sheath Failure - Corrosion is one of the most obvious causes
of deterioration and armor/sheath failure. It is easily detected but it
effects are not always recognized. The loss of metallic cross section and
resulting reduction of strength are th; best known effects of corrosion.
3.3.5 SOIL THERMAL RESISTIVITY

Scils are composed of disintegrated rock particles, water, air and
organic materials. In gencral, the thermal resistivity of these material

components are considered to be that shown in Table 3.2.
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Table 3.2 Soil Thermal Resistivity

[ Thermal Resistivity* A_]
% Material : e (°C-cm/wWatt) -
| Quartz, average ' 11
! Granite _ 25 - 58
' Limestone ‘ 45
E Sandstone 58
©  Water ‘ 165
Mica ! 170
Organic Material E 400 (wet)
: : 700 (dry)
Air | 4,000

e e ——— . - -

It is obvious that the unit volume of soil should contain the maximum

amount of rock particles and the minimum amount of air in the void to have

the minimum thermal resistivity value. Since the soil can not be compacted to

zero void, it is better to have the void filled with water rather than filled
with air, providing that the water stays in the void permanently. Therefore,

the thermal resistivity of a certain soil depends upon its density and water

content. Figure 3.13 depicts the variation of the thermal resistivity of sand

with respect to the water content. It indicates that the resistivity value
increases as the water content decreases.

Field experience has shown that the thermal resistivity varies over a
wide range for different parts of the country, and can even vary over a con-
siderable range on a single cable route. Table 3.3 taken from reference 3
tabulates the average values of the fidld test data for 25 different soils

enccuntered in the underground power cable installation.
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* The thermal resistivity unit is defined as the number of centigrade degrees

of terycrature drop through a cube of 1 centimcter sides, through which

heat is flowing at the rate of 1 watt, i.e., 1 joule per second. It is des-

ignated by the Greek letter » .
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. Table 3.3 Summary of Soil Thermal Resistivity Values E:;
i r . T IR Ty e m —em O, e e e e 4 e et m e e e e e 2 - . ) f“:k
: THERMAL RESISTIVITY | ' .
°C- K , D
N SOIL TYPE . NO. OF TESTS C-cm/Watt , e
>~ ,
! ; i haY
X ; ! Over-all Average i j{
» — - - [}
. Fly Ash ! 7 212.9 ’ L
! cinder-ash Fill ! 76 191.3 ﬁ -3
vy . Fill Dirt ; 81 i 95.1 : Y
X . Industrial Waste Fill 24 84.0 . 3
* 3 ' i e
. ' Loam | 6 ; 144.6 RS
. . Clay Loam | 25 ; 126.4 —
. Sandy Loam } 63 | 78.2 ‘,
- z | =
. © Clay : 801 5 54.9 : nT
N Silty Clay ! 7 | 67.0 "
. Sandy Clay | 329 | 53.1 L
- ' PR
silt @ 6 | 72.7 ~
. . Sandy Silt ; 55 | 56.8 L
- ! H ':::'.
o ~ sand i 402 ; 63.2 A
g Clayed Sand i 37 : 64.5 )
N Silty Sand ‘ 4 ’ 113.6 L
) Fine Sand i 392 i 85.3 .
» Coarse Sand 200 X 58.3 :-";',-,
. Gravelly Sand : 2 ; 111.1 o)
N Gravel I 9 ‘ 65.6 .‘::
: Clay Gravel 2 : 59.0 =
: . Rubble | 2 f 80.0 RS
. Serpentine Rock ' 3 ' 83.5 =l
Quartz ‘ 32 75.8 :
Sand Stone f 8 58.3 L
shale ' 17 36.9 .
_— - - - o — P e e e Y —
:: The hazard from soil thermal resistivity occurs when heat is transmitted -
- from the buried power cable into the adjacent soil and this in turn can cause ._'-..'_
failure. It is not pessible to discuse this hazard further until more detailed .
- site and power cable characteristics are known. ﬂ::::
o
&
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CHAPTER 4. SUBMARINE CAEBLE FAILURE RECORDS & ANALYSIS

4.1 FAILURE RECORDS

A summary of a survéyltaken between 1956 and 1980 and reporting'ss faults
by type of various submarine power cables in 12 submarine crossings is pre-
sented in Table 4.1. Two-thirds of these reported faults were externally
caused, mainly by mechanical impact (trawlboards, anchors, etc.). Of the one-
third internally caused faults roughly half of these were due to repair joints.*
However, there is a great deal of variability between the different cables;
two of the 12 crossings account for 12 of the 13 faults.

These power cables, as well as other cables and pipelines, are frequently
buried over portions of their route, mainly near the shore with typical covers
of only 2-3 feet. To date, no incidents of externally caused cable faults have
been reported with buried power cables. The Japanese, however, have reported
eight incidents of externally caused damage to buried communications cables
in the past eight years. Continued and current information is needed regarding

cable protection by burial.

4.1.1 AT&T RECORDS

The Long Lines Division of AT&T has reported that their six Trans-Atlantic
Telephone (TAT) cables have experienced a total of 56 externally caused faults
during a five-year period between 1925 through 1979. Of these, 54 were the
result of trawlers, one was cuased by a clam dredge, and the other one was

caused by corrosion (Ref. 33).

The distribution of these cable faults by water depth is shown in the

following histogram, Figure 4.1,

* Ropes and data cables have splices; power cables have joints. Splices not
installed at the factory arc generally termed repair joints.
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ez 1
N Over half of the incidents occurred in water depths of less than 150 ft. o
< St
. i (46 m) and 89 percent were in depths of less than 500 ft. {152 m). The deepest rf;<
! incident of trawler damage was 1488 ft. (454 m) and the one incident of cor- NN
] LS
y rosion was at a depth of 1638 ft. (499 m). It is clearly evident that the pre- :::
T :-:...
b ponderance of incidents occur in shallow or coastal waters but that some in- 4.
N cidents also occur at deeper depths, and these cannot be ignored. o
N
: '.';\
Y RS
- 4.1.2 JAPANESE RECORDS e
= The Japanese have reported similar experiences with submarine communica- s
tione cables (Refer to Table 4.2 for a tabulation of Failures during 1971 tﬁ
through 1975). During the 10 year period from 1967 through 1976, 483 incidents :ﬁf
were reported. Eighty-six percent of the incidents were in water depths of il
164 ft. (50 m) or less, and 98 percent were in water depth of 656 ft. (200 m) %;
i
or less. Fishing, ships, and other artificial causes accounted for 67 percent o
of the incidents., Corrosion, chafing and other natural causes accounted for ?
».:-.'
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19 percent and 14 percent were termed miscellaneous or unknown.

Tetle 4.2 Number of Cable Failures in Japanese Waters

Veoy
- 1071 |1972 | 1973 [ 1974 {1975 |  Total %
wnth
Less Than 10 m 19 1 25 12 13 90 L2
iCmic 20 m 3 7 13 L L 31 15
20m to 0 m 3 5 5 L 3 20 9
0mte LOm L 5 2 3 7 21 10
L0 m to FO ¢ 5 {11 g 3 - 21 10
50 & to 100 = 2 3 g 2 5 21 10
100 1 o OO0 m 1 2 - 2 - 5 2
Zhwrotc 805G - 1 - 1 1 3 1
Meve Tuanm C00 m - 1 - - - ] 1
i47 Lol 7 | 0 1 31 | 33 213 100
A

4.1.3 WORLD SEA RECORDS .
’
The data concerning a total of 1,061 submarine cable faults or failures
were collected and analyzed. The data covers a time period of 101 years (1879
to 1980) and geographically, the Mediterranean Sea, Gulf of Cadiz, North
Atlantic, Coast of Alaska, East Coast of Asia, Southeast of Asia and Indian

Ocean areas. Appendix A lists all the historical data of submarine cable

faults. Table 4.3 tabulated these faults in total numbers by categories of

failure - causcs as discussed in Chapter 3. A probability distribution of
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these failures is also given. It indicates that approximately one-half of the e

failures were caused by chafe and corrosion and one-quarter by trawler/clam s
dredge. . 5,.

Table 4.3 Submarine Cable Failures Due to External Hazards de

[

HAZARD Recorded i{Unrecoveredi Total No. ’Probability ¢
Failure Failure Failure iDistributio' o

(%) 7_.}:_?:

i
i
r
f

]
11, Chafe & Corrosion L48 ! 59 507 52 t
r i i ;
! i ; E i
i 2. Trawler/Clam Dredge  : 213 ; 28 : 21 ; oL ‘
L b i ' | ]
1 : ' | !
! 3. Ship Anchor i 70 9 ' 79 ; 8 |
"4, Submarine Landslide 48 : 6 f 54 | 5 ;
. ' 5. Earthquake Lo ‘ 5 i L5 ' 5
- i J i
] 1 '
| , ,
€. Sabotage/Cut by Man 22 3 f 25 : 3
S L :
bed 271 Mhe ;

(7. Soil Thermal 2 0 2, 0 |
Ucnauetivity : ! !
' . 1
,8. Miscellaneous 27 ’ L4 ; 31 { 3 i
e S -+ = -
) ‘ i '
TOTAL L 870 . 11k . 9Bk | 100 7
. v ' | ] J

— e e b H [ SU FO U

There were 77 additional failures due to cable failure, namely, kink

and twist, vanished core, repeater failure, and armor/sheath failure.

* Miscellaneous includes wind storm, brushwood, falling rock, teredo, cable
suspended over rock, grapnels hooked in clay, etc.
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CHAPTER 5. THREAT DEFINITION AND PROTECTION REQUIREMENTS

5.1 THREAT DEFINITION

OTEC cables laid on the seafloor at the four sites selected are subject
to failure and to the incapacity of supplying power to shore because they are
threatened by chafing of the outer jacket or armor, corrosion of the outer
armor and strain members, which are usually of galvanized steel, and breaking.,

all of which cause the electrical conductors to cease functioning.

Chafing occurs when the cable is moved across a hard bottom or when soil
particles move across the cable. Cables are moved back and forth across a hard
bottom by water currents and wave actions when they are not buried or not
anchored in position. Chafing can also occur when an anchor dragging in the
bottom or a grapnel hook at the bottom is snagged on a cable and moved along
its length. Chafing of an outer protective jacket exposes the steel strain
members to sea water and allows corrosicn to take place. Corrosion can also
occur through the fouling that occurs when cables are attacked biologically

by marine organisms., Breakage of a cable can occur when a cable has had ex-

tensive chafing and corrosion so that it no longer has any tensile strength

or when the extent of chafing and corrosion allows the main conductor to %gﬁ
detericrate. A cable under tension when suspended across two rocky peaks is gsi
subject to breaking when the tension Lecomes greater than the capacity of the ?ﬁ??
cable to withstand such load. Dragging anchors and grapnel hooks snagged on ;;

o)
a cakle can induce a breaking load on a cable. Trawling operations with the :TLJ
usc of otter boards or trawls on the seaflocr can cause snagging of a ceble E%%’
and consequent breakage. The initial laying of a cable or its subsequent Ei?

_\:_\
raising for repair are also causes of breakage through kinking and excessive i[a

tension. Landslides and seismic movements can produce sufficient tensions to
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cause breakage.
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5.2 PROTECTION REQUIREMENTS

The laying process and operation is the first action to take to insure prop-

A m Ly

o Ty e el
’l /l.l"'

er protection for the cable by producing a cable on the seafloor that is in

more or less perfect condition, free from kinks, excessive tensions and damage

L2

-
v

due to the laying process. For the inshore lengths of cable runs out to a

v

..' 1) e, .y

»

depth of 400 to 500 fathoms some protective method is required for the cable at

‘

PN A NN

all four sites for here there is the possibility and probability of chafing,
corrosion and breakage due to currents, wave action, ship anchor dragging and
trawler action. For the outshore lengths of cable runs from a depth of 400 to
500 fathoms to the plant site the probability of cable failure due to the

above causes are so minimal that laying the cable without protection seems very

5 "

reasonable.

o

- The best method of protection is of course burial to a sufficient depth

where the probability of a snagging anchor becomes almost nil. Burial of

L

course means digging a trench and refilling after the cable is laid. Sometimes
- in softer soils on the seafloor cables can bury themselves through current
and wave action. Sometimes where the seafloor is so hard that trenching be-

- comes impractical because of construction difficulties or excessive cost,

covering the cable under these conditions with bagged sand, riprap, bagged con-

G "
LU N

crcte coured concrete, or mattresses are feasible methods.
s

Anchoring a cable to a hard bottom is a means of protection against
chafing duc to cable movements where the hazards of trawling and anchor drag-

ging can be avoided by stopping activities on the water surface.

" Landslides are an occurrence for which it is almost impossible to provide
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protection. The solution here would be to avoid areas prone to landslide b}‘
activity by a thorough study of the seafloor soil conditions. It is also im- as
possible to protect against earthquakes except to relocate if actual faults

are found.

5.3 PROBABILITY OF HAZARDS

The probability distribution of the external hazards discussed in Chapters ;i?
LN

3 and 4 are shown graphically in Figure 5-1. Data on the probability of occur- S?f
ence of these external hazards within 100 fathom water depth intervals were i&;
analyzed and are shown graphically in this chapter (See Figures 5-2 through ;;;
5-11). For instance, the probability distribution and the commulative prob- EZi
ability for chafe and corrosion are shown on Fiqures 5-2 and 5-3. From Figure t;%
5-2 it can be seen that approximately 40% of the chafe and corrosion-caused E::

faults occur between 0 and 50 fathoms. From Figure 5-3, if a 90% probability ~

of non-occurence of a fault from a chafe and corrosion is desired then it is

A

necessary to go to a water depth greater than 450 fathoms (2700 ft.). Similar- n;\

ly, the probabilities for hazard failure by trawler/clam dredge, ship anchor, ﬂ;{

submarine landslide, and earthguake are shown in Figures 5-4 through 5-11. s
From these figures, the depths needed at which 90% of the probability of haz- }:}

o

ard damage would be eliminated is shown in Table 5-1. The distances from shore o

to eliminate 90% of the probability of damage from the hazards is shown in i

Table 5.2. -
TABLE 5-1 o]

‘o

Depth to Eliminate 920% A

Hazard Frobability of Damage S

ship Anchor Draaging 200 Fathoms :i}'
Trawler/Clam Dredging 250 Fathoms \:\‘

Chafe and Corrosion 450 Fathoms N
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CHAFE & CORROSION E———— p— -
TRAWLER/CLAM DREDGE f———— —- - = ::_:_:_
SHIP ANCHOR '
(o=}
=
3 SUDMARINE LANDSUIDE
x
= —
= EARTHQUAKE
[= 4
b
— ——
! SABOTAGE/CUT BY MAN ]
SOIL THERMAL CONDUCTIVITY
MISCELLANEOUS F—]
a—
0 10 20 30 40 50 60
PROBABILITY DISTRIBUTION IN PERCENT
FIGURE 5.1  SUBFARINE CABLE FAILURES DUE TQ EXTERNAL HAZARDS
TABLE 5-2
Distance From Shore
Site Hazard (in nautical miles)
Kahe Point, Ship Anchor Dragging 1.1
Oahu, Hawaii Trawler/Clam Dredging 1.6
Chafe and Corrosion 2.5
Punta Yeguas, Ship Anchor Dragging 1.0
Puerto Rico Trawler/Clam Dredging 1.1
Chafe and Corrosion 1.3
A
Cabras Islang, Ship Anchor Dragging 0.3
Guam Trawler/Clam Dredging 0.6
Chafe and Corrosion 1.1
Tampa, Florida Shiy Anchor Dragging 98.0
Gulf of Mexico Trawler/Clam Dredging 120.0

Chafe and Corrosion 128.0

These values are depicted on Figures 5-12 through 5-15. The long distances at
Tami-a arce the result of the shallow, wide shelf.
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

1. Based on the‘study of the modes and causes of cable failures and

the study of the environmental and man-made hazards together with their prob-
ability at each of the four OTEC sites it is concluded that it is possible

to assure the life and reliability of the OTEC submarine power cables. This
is accomplished by using the modern techniques, tools and procedures of burial
immobilization or stabilization for the cables for their installation. Modern
techniques, tools and procedures are also available for maintenance and repair.
Cable protection provided during installation is considered necessary starting
out from shore to the point where the risk of encountering the hazards are so
minimal that they can be tolerated. These points outshore have been selected
on the basis of their depths of water outshore of which the probabilities of

a hazard occuring would be reduced to ten percent. From these points outshore
it is concluded that OTEC cables can be laid directly on the seafloor without

protection.

2. For 3 proposed OTEC sites, namely Hawaii, Puertoc Rico and Guam, a 90%
chance of avoiding hazards of chafing, corrosion, anchors, and trawling can be
achieved by using the proper protection techniques over a maximum of 2
nautical miles from shore. At the Tahpa, Florida site the protection of over
109 nautical miles is required. Rerouting ship traffic from crossing over
the cables with a view of avoiding hazards such as anchors and trawling is not
a feasible scolution at the four sites with a possible exception of Guam where

the length of cable line is only 1.1 nautical miles from shore.

¢.2 RECOMMENDATIONS

1. 7The data given hereinbefore for each of the sites concerning the

(63}
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lengths of cables from the shore needing protection are considered to be merely
"pall park"” estimates. A more detailed design process would be in order to ,\:
define more precisely the type of protection to be adopted and to define the
required distance more precisely. Such a detailed process would include a

site survey, more precise computations concerning wave characteristics and a

hydrodynamic analysis of the forces acting on the cables on the bottom.
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AFPPENDIX A

SUBMARINE CABLE FAILURE DATA STUDIED

Title

North Atlantic Ocean Region Submarine Cables

Alaskan Waterways Submarine Cables

Gulf of Alaskza Submarine Cables

Puget Sound Submarine Cables

Indian Ocean Region Submarine Cables

Mediterranean-Gulf of Corinth Region Submarine Ceables

Gulf of
Cables

Gulf of
Cables

Gulf of
Cables

Gulf of
Cables

Sulf of
Cables

Gulf of
Cables

Sulf of
Gulf of
tul? of
ulf of

u,S.A1r

Cadiz

Cadiz

Cadiz

Cadiz

Cadiz

Cadiz

Cadiz

Cadiz

Cadiz

Cadin

Force

Region(Carcavelos-Gibraltar 1) Submarine

Region(Carcavelos-Gibraltar 2) Submarine

Region(Carcavelos-Gibraltar L4) Submarine

Region(5ibraltar-Casablanca) Submzrine

Region(Porthcurno-3ibraltar 3) Submarine

Region{torthcurno-5ibraltar 4) Submarine

Region(Vigo-Gibraltar) Submarine Cables
Region(Horta-lzlaga ) Submarine Cables
Repion(Las Palmas-Malaga)! Submarine Cntles
Rerion(Lisbon-tulura) Submirine Cables

Cable Svstems

tacific and Far Foast Pacific Submarine Cublers

Submarine Tower Tronsmicsicnh Cable Fnilure Sweeors




Table A.1 North Atlantic Ocean Repion Submairine Cables (FRof. 23
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Date of Date of Water
Location Depth Cause of Failure
Failure Repair
(Fathom)

Tuckerton, 25 Y751 29 XTI '7S 73 Travler

New Jersey 11 XIT '751} 17 XII '75 134 Travler
19 761 23 IV '76 73 Travier
21 76130V '76 98 Trawler
25 76128V '76 1kLs Travler
3 7618 X '76 100 Travler
12 76119 X 76 16 Travler
1 77113 11 '77 20 Trawler
28 *771 10 VIII'77 69 Travler
I 1Tl 9 XII ‘77 20 Trawler
27 '791 10 II  '79 70 Travler
15 79120 11 '79 77 Trawler
15 '79] 26 11 '79 79 Trawler
9 791 13 ITI '79 Th Trawler
10 7v '791 17 IV '79 2Lo Trawler
7 701 16 VII1I'79 15 Clam dredge

Syney Mines, 1€ w1 o6 Y 76 230 Trawler

Nova Scotia

Cabot Strait, 7 77115 111 77 239 Trawler

Canada

Clarenville, 13 VIII'75 | 1@ VITI'7S 170 Trawler

Newfoundland 25 76 11 IV 76 190 Trawler
19 7¢ | 24 IV 76 189 Trawler
27 Tl 6 111 77 220 Travler
26 77| 28 VI 77 226 Trawler
27 77 2 VITI'77 650 Trawler
o v11 77| 9 VIII'7T coe, Trawler
21 ‘7717 OVITI'TY ceh Travwler
1° B T N 770 Travler
1 7611 11 78 350 Trawler
2 '781 14 11T 78 k70 Trawler
o0 RS B TR S B B (3] L7e, Prawvler
sl r7R 21 I '78 HERS Travwler
10 TRl 3 v T8 211 Trawler
‘ veEL Oy g 30t Traviey
. vie | 29 'TS 100 Trowler
1y UG ot ropair! Lo Travler

1-1;;-"_ -t ; ﬂ‘l_hh-hy‘gj.lh
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Table A.1  (Continued)
Date of Date of g:ti;
Location P Cause of Failure
Failure Repair (Fathom)
Clarenville, 18 X1 '78| 22 X1 '78 166 Trawler
Newfoundland 7 VII '791 9 VIT '79 600 Travler
Oban, Scotland 11 VIT 75} 17 VII '75 82 Travler
13 TII '76| 17 111 '76 180 Trawler
25 IV '"76]| 27 IV '76 9L Trawler
14 VITT'76| 22 VIII'76 149 Travler
21 XI '76| 3 XII ‘76 88 Trawler
29 11T '77| 3 Iv '77 79 Trawler
11 Iv 77| 25 1V 77 113 Trawler
2 XI7 '77| 17 XIT 77 130 Trawler
1 I11 '78| 4 111 '78 98 Trawler
31 111 '78({ 4 1v '78 111 Trawler
Widemouth, 29 v '76{ 3 VII '76 81 Travwler
Ingland 30 TV '79f 14 v '79 1638 Corrosion
20 v gl 2 VI'79 85 Trawler
2¢ 1y, 79|l 8 % '79 50 Trawler
N }enmzrceh,France 31 VIT '75| 13 VIII'7S 1488 Trawler
- 20 ¥VIII'75¢0 61X '7S 79 Trawler
23 IX 751 30 I1X '75 155 Trawler
ﬁ 20 111 '77{ 24 111 '77 87 Trawler
S
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Table A.? Alaskan Waterwayc Submarine Cables (ket. 9 3
Date of Date of Water
Location Depth Cause of Failure
Failure Repair
(Fathom)
Approaches to
Wrangell 19 X1 '12 20 XI '12 69 Submarine Landslice
€& VII'i3 25 VIiI'13 20-68 Submarine Landslide
6 VIii'is 26 VII'13 73-83 Submarine Landslide
4 x '15 18 X '15 93-96 Submarine lLandslide
21 X '18 28 x '18 70 Submarine Landslide
29 VI '23 7 VII '23 10-68 Submarine Landslide
27 IX '23 11 X '23 10-68 Submerine Landslide
10 X11'2% 17 YI1I'25 50-73 Submarine Landslide
2h x o7 1 X1 '27 Submarine Landclide
21 VIIT'L7 | 30 VIII'L7| 60 Earthquake
21 VIIT'49 | 30 1% ‘'L9| 70-83 Earthquake
21 VTII*hQ 30 VIII'L9 Earthquake
9 VII 's58 60 Earthaouake
9 VII '58 60 Break.Deeply buried
in mud
Ayproaches to
Skasway 9 VII 's8 96-126 Earthquake
oLy 27 | 8 1 71 7o Submarine Landslide
1 XIT 's6 L6 70-75mph windastorm
1 %It 's56 50 70-75mph windstornm
9 VIT '58 50 Earthquake
16 VI 's2 50 - Unknown
13 VIIi'2h | 19 ¥ 2L} L6-57 Submarine Landclide
28 VIi1'20} 63 Submarine Landslide
5 1T '0€ | 12 11T ‘06 Submarine Landslide
1o 11 ‘L7) 60 Anchor hook
20 vi1 '02| o©-cko Ceble btadly kiuked
aud bruised
10 » 'ed 23 Tx 2T 135 Submzrine Landslide
17 7% 'Lo Unatle to find old
cable vnew ohie i
a vir o 'ed 100 Farthaut.
QO V11 oTad 80-170 Larihausse é
|
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Table A.”  (Continuecd)
Date of Date of Water
Location Depth Cause of Failure
Failure Repair
(Fathom)
Approaches to
Valdez L 17 '08 | 29 11 ‘08| 79-129 Earthgquake
b 1T '08 29 11 '08| 15-103 Earthaquake
11 IX '11 0 IX '11 98-115 Earthquake
17 XIT '13 | 23 XIT '13 Anchor dragging
10 IX '17 | 13 ¥ '17 Anchor hook
28 XTI '20 | 10 XII '20| 95 Earthgueke
28 x1 '20 | 8 XITI '20! 100 Earthaquake
20 ViIi'21 29 ViIii'z 95 Submarine Landslide
20 VI1 ‘22 95 Submarine Landslicde
2311 '25 [ 6 II1 '25| 76 Earthquake
. 23 11 ‘25 | 6 111 '25| 8k Earthquake
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Table A,3 Gulf of Alaska Submarine Cablcs (Ref. ¢ )

Date of Date of Water
Location Depth Cause of Failure
Failure Repair
(Fathom)
Cape Ommaney to _
r1iddleton Island 26 IX '16| 19-100 Hooked by fisherman's
E.nchor
F9 IX 115116 X '15 95-105% Chafe on rocky bottom
21 117 '08 |11 1V '08 | 1030-1118 [hafed and bruised
58 X "ib 12 X '14 | 732-925 [mperfact insulation
9 V '15] 948-970 [Core protruding
between armor vwires
17 XI '21| 118-172 FKhafing on bottom
10 X1 '09| 27-88 Cable can not stand
the strain from heavy
swell

> % 'o7{7 X '07{ 16-180 [Farthquake
2 VI '16] 118-198 ;ﬁshing vessel's

' nchor
2 XII '13}]15 XIT '13 55-122 Chafing on rocky
fbottom

3V 17126V '17| 34B-970 |Fishing boat anchor
20 11 '21| T71k-7h2 [Cable ir very poor
condition,broke while
grappling

11 Vv 1611 VI '16| 10Lk-105 |Fishing boat anchor
24 %1 '16| 19 XIT '16| 200-790 |Fishing vessel's

anchor -
30 I *161 8 III '16f 164-175 |(Fishing vessel's tgli
anchor s
1 VI 05| 15 VI '05| 959 Core weakness :
ol vI 10 28 VI '10 500-1008 [Cable in poor condi-
tion
20 X '14 120-150 Unknown
6 X '21] 19 Y1 '21) 95-329 Chafe on bottom
19 X ik 23 X ikt 150 Hooked by 2 vessel's
anchor K
C V1 '11) 340 Submarine Lanaslide ]
21 ¥1 '21 G0-106 Bud inculation '”;i
26 Vi1 22 s0-81 Unknown E’}
1L VITT'30 | 110 Unknown RRAR
3V 3] 10 VT 'k2a|  300-2L0D |Foreiem body imhc&ch T
i1, cable durins {?ii
manafucture . oreculting X
in calle bLroke cown i;—j
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Table A.L Puget Sound Submarine Cobles (kef. ¢ )

Date of

Location bate of g:ti; )
Failure Repair P Cause of Failure
(Fathom)
Port Jdefferson to
Foulweather Rluff] 51 '09 | 90 Hooked by anchor
23 11 '09 120 ‘oor inculation
5 X '1019 '101 106 Jnknovn
11 X 'JO | 16 Chafe on bottom
21 ¥I  '10|2k x1 '10] 39 Light type chafing
peeinst rocky bottom
6 II1 '12| Sh-62 Submarine landslice
23 VIIT'13 70 chafe on bottom
30 VIIT '1L |7 IX 'ik| 39 Cable cut by axe
19 IX  '15] 27 IX '15| 97-106 Chafe on bottom
1 XIT '16€| 27 ZI1 '16| 34 Chafe on rocky botton
o 1T 18|12 11 '18| 67 Chafe on rocky bottom
16 VI11'18 50-80 Cable in very poor
condition
11 I7T '19) 93-1k8 Cable in very poor
coniition,broke vhild
graprling
31 VIT '19| 3C gk Ceble in very yoor
condition
C VIT '20| 112-138 {Inferted special
intermediate tiymne
30 XI1 '21 50-80 Chafe on bottonm
2¢ v oL 2t 251 88 Chafe on bottonm
27 Vi1 e8| 30 vII '28] 98 Chafe on bottonm
1 VTIT 7| 2 II1 '47) 93 Unknovn:
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Table A.5 'ndian Ocean Lerion Submarine Cubler (Fef., 6 )
Date of Date of Water
Location Depth Cause of Failure
Failure Repair @ splices
(Fathom)

Mauritius -

Seychelles 16 IX '98130 IX '98 | 785-200 [catle broken sharply
End showed no signs
of chafe

oh I¥  '06]8 X '06| 896 -shk  [Break-ends needle
lpointed
21 VI "1t XTT '14 | 790 -70  |[Fault-perished joint
25 111 '17( 20V '19¢( 275 -9 Fault-no data
2L XTT '24 | 1392 -115 |Fault-nct recovered
28 XIT 'U5|5 I L6 -146 [Chafe and corrosion
21 Vv '5112 VI '51)] 173 -12  |Break-corroded kink
2 VIT '58] 543 -19 [No data,reneval at
) shore end

Durban -

Mauritius 2L 11 284 17 v '28 Break-seismic disturd
bance. The cable end
had been sheared off
Iflush,

12 VIT 'sk| 12 7x ‘'sL| 1776 Break-bad corrosion
- 1806
Mzuritius-
Fodripuez b o1V 191 6V 10 17 -15 Break-corrosion
20 X ‘191 3 X1 '19 Fault-anchor
18 vi1 '25| 21 VII '25] 1164 -289 (Fault-not recovered
28 VI '25] 18 viI '25| 116kL _825 !Break-chafe and
corrosion
29 X 261 8 w1 'eé) 11 -8 Fault-no data
7TV 'e7| 12 IV '27( 330 -39 |Break-chafe and
corrosion
o8 7 29| 18 1 '29)  17(5 -01° |Freak-not recovered
26 1 '30] 6 11 '0{ 290 .por {Submarine landelicce
17 Vil '33| L vITI'33) 297 -30% {Break-corrosion
2 VITl '33] 9 N1 '33| 83C -270 |Break-corrosion
10 ¥ HICTCR TR~ B 1Y Rencwal of bad culle
ool 301 10 N1 'R0 218 -31: Tault-chiafed
CowTo '3l 18 W11 '39) 980 L3088 |lauli-chafed
oo ol o4 1% 'Ol 220 _nlo |Rreak-chafed and
corruvdcad
o300 1l 0 N kY] Y L1000 | Broakecorrosion
W R oy Nty S Chafe wmd corrosion
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Tablc A.5 (Continued)

27 XIT '2h| 28 X711 t24| 38 .0 Corrosicn |

10Vl 2G| 25 V1 '26| €30 -690 [Twisted and corrodcd’
b3 oG 17 IV "2 1086-553 :Chafc

;7 1 271 17 Y11 ‘27 £350-239C | Break-submirine

D)
o
Mt

|
|
|
r
|
: ' Date of Date of Water i
, Location Depth Cause of Failure ‘
: Failure Repair @ Splices
X (Fathoms)
!. Mauritius-
’ Rodriguez 15 X '43]129 XTI 'L3| 270-275 [Rreak-chafe
; 25 ¥I  'k3 |2 XII '43| 500-295 [Fault-unrecovered
P b VIIT ‘b7 22 vIII'h7| 8 Break-corrosion
23 VIIT '47| 28 VIII'L7 | 1050 -820 [Break-not recovered,
end corroded unfit Qﬁ
f'or use e
17 X 481 2 XII 'W8| 290-345 IKhafe and corrosion S
2L XIT '53[21 1 '54| 560-1496 IBreak due to kink ey
mear splice B
i XTI '53)17 IV '55] 2510-2148 Break-chafe
23 vV '551 15 VIII'S5 | 2260-2420 {Fault-unrecovered
. due to poor condition .
obh 11 's56] 6 IV 'S6| 21010-2400 [Chafe and corrosion A
5 IV '56{9 IV 'S6| 31L4 -292 |Break-perished core o
7 IV '56(18 IV 'S6| 2230-2280 |[Fault-unrecovered o
21V '57f 2k Iv '57| 34 -29 |Feult-chafe and ! s
corrosion 3
17 X1 '57| 12 IV '58| 20 -1106 {Break-unrecovered oy
Reunion-lMzuritius (18 V 10} 17 ¥ '10} LBO -38 |Break-corresion o
18 ¥ '13| 19 %I '13| L85 -L20 ;Break-submarine SRR
jvoleanic disturbance RSN
141X '15) 22 X '15) 93 -20 |Break-corrosion .
: 22 VIII '1€| 23V '19| 1375-1115 {Break-not recovered, RENK
: |cable in poor shape. e
{ 23V '191 26 V. '19| 850 -L80 {Corrosion Sl
, 28V '19| 1 VI '19| 510 .8 I|Chafe e
‘ 1 XIT '21| 3 XIT '21| 600 493 .Corrosion | N
1 S
"

ivolcanic disturbence? TN
21 X1 '30{ 27 11 '31{ 590 -¢20 |Break-at new splice | e
27 i 21 12 177 '31 1650.2190 |Fault-not recoverdd
S Ti o '33] 1 Ni1 '33] 297 .16 |Kreak-not recoverci | oy
(1 351 7 vi1 3k ¢ -sh o |Chafe and corrosion | :Ciﬁ
310 "3C) e VL 37 (77 <18 [Chety = e
RN MY TR "a O DOTLe30d [Corrorion ! RN
30 V1P YRy % VIR ot ol feadle erashed and ~ At
fInttoned ‘ ;!".j
- —— b . e e e = — .. . - + ———— K '_ .'
: e
1 - ‘--_
p T -
e L N e L N T e
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Table A.5 (Continued)

Date of Date of Waterxr
Location Depth Cause of Failure
Failure Repair @ Splices
{(Fathom)

Feunion-Mauritius |21 XT  '38} 28 VII '3 943 -1180 {Chafe and corrosion
3 XII 'L3] 10 XIT 'Ly! €18 Corrosion

11 IV 'Ly )10 v 'Lyt 325 -Lsh  |Break and faults,
damaged by boulders
sucked dovn by tidal
waves

20 XI1 'b6} 8 IX 'h7| 583 -1026 Corrosion
I
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Tallc A.G Mediterrancan-"ulf of Corinth Region Submerine Cables (Fef.7)

-

?{ Date of Date of Water
3 Location \ . Depth Cause of Failure
Failure Repair
(Fathom)
Julf Fntrance 19 I7 '1zy2bk 11 t12| Lo . [Preak-chafe and
corrosion
12 77T ‘is|ib 111 'As| 25 Cha{e and corrosion
1 1I ‘20 2 Fault-unrecovered
21 171 ‘2l 2 I1II '21 31 Chafe and corrosion
17 VIIT '27| 18 Viii'27| L6 corrosion
2 VIT '31| 27 Unknown
27 7T 3219 IX '3 29 Chafe and corrosion
27 II1 '3¢91 5 XITI '39 30 Chafe and corrosion
18 VIIT 'Lo| 21 VIII'kLg Cable cut by robbers
5 IX 'kl L7y Perished core
g I '57 L7 Corrosion
Western Gulf 25 vII1 '89 37 Submarine landslide
caused by earthouake
22 7V ‘o512 v ‘a5 51 Chafe
4 X ‘a7t 12 X '97t L6 Submarine landslice
i "18] 21 11 '1B| L3 Corrosion
30 1T1 28| L 1v '28] 55 Submarine landslide
due to fresh water
bottom depth current
Axial Canyvon- 10 7YX 'Oz 104 Strong earthquake
Wectern Sulf o v '05] 9 XI1 '05| 202 Bad kink
8 v '10} 10 ¥ '05{ 16L Corrosion
Sea.mrd slope of [19 1V 'O7| 24 IV '07] 150 Earthquake
Frineous River 19 IV '07( 2k X1 '07| 158 Earthquake
2 V1 ‘21| 1o Cable deeply buried
12 ¥1  '07) 1Lk ¥1 27| 16k Submarine lendslide
Teavard clope o7 Q9 TX REN: 300 Submirine landsli.c
Moeruniiin River duc to earthaunke !
11 VIT '02) 300 Fadly perished core ‘
3 311 '3 oor Foult-teredo
pEVIT O "37f 0 VITIRY 370 !Torrosic: ! =
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E Telle A.C (Continucd)
. . Date of Date of Water
ﬁ Location Depth Cause of Failure
\ Failure Repair
(Fathom)
Off the Kratis X 881 251X '88| 200 Cable snapped by
and Krios Rivers heavy strain
VIIT '89 Loo Submarine landslide
due to earthquake
v '09] 11 Vi '09| LooO Earthquake
VIII '13] 30 VIII'13| 398 Submarine landslige
from Kratis River
T 14413 11 "14| L33 Submarine landslide
6 VT '31| 30 VI '31| LL3 Corrosion
XTI '35 20 XII '35{ L19 Chafe and tension
IV '391 20 XI '39| k20 Corrosion
¥ 'hko o Corrosion
Off the Avgo River IX '10({ 6 X '10| 398 Submarine landslide
IX  '10) 27 IX '10]| Loz Submarine landslide
5 X1 11123 X1 '11] 200 Submarine landslide
3 %I '13! Loo Fad kink
) ¥IT ‘204 27 ¥I1 2 410 '‘Buried by deposits
ifrom torrents
1 123 210 Submarine landslide
I7 '291 2911 '29t LoO ‘Buried by deposits
ifrom torrents
XI1i '35] 23 XI1 '35 352 Tenesion at the point
_ jof corrosion
b
- Off the Dendron 17 ‘0819 IIT '08) 105 Jammed core
" River v '08] 15Vl '08| 50 Submarine landslide
- 1 '08({7 X '08| 100 Submarine landslide
3 17 'ih{ 15 117 "1k L2o Deeply buried in mud
! ¥11 '20 | 23 XI1 '20 100 Ruried bty devosits
: from torrents
- YIT '20] 23 X311 '20| LoO Sutmarine lanaslide
- »1i '35119 ¥i1 '357 90 Submerine landslide
& due to strong gales
8 | ol 37 0R T 351 300 Scrrosion at twist
(97 the Sithar T oLk | o 1 oL 27s “able broken by Lcawn
Fiver Drushwooa
VITT ot o AN 00 elalgl ramsed due 4o
“nllin nnoo
R A el 00 wborrine lanaslidc
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Table A.6 (Continued)

D LS

:( Date of Date of Water

N Location Depth Cause of Failure

- Failure Repair

s (Fathom)

!‘ Off the Sithas 30x 186 X1 18| 3hO Submarine landslide

e River 20X 'igl 2k X '19 220 "] Submarine landclice

pf 1k X11 '20 L50 Corrosion

o o XIT '21] 13 XI1 '21 50 Damaged by debric

o from torrents

i g XIT '21| 1k XI1TI '21 370 Submarine landslide

- 27 III '39| 8 XIT '39 100 Chafe and corrocion

W

h Eest of Sithas 7 IIT '001 8 TIIT '00 271 Corrosion and splice

il River slipping

E 2¢ IV 28| 30V 128 220 Submarine landslice
: 22 VIII'35 300 Teredo

- 27 111 '39| 6 YIT '39 75-50 Ferished cors

> 1 IiI 'Lo 300 Corrosion

|
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(Rer.8)
Date of Date of Water
Location Depth Cause of Failure
Failure Failure @ Splices
{Fathom)
South of Tarifa XII '79 Bresk-chafe
16 X1 '81 Break-chafe
2 III '82 Break-chafe and
corrosion
X '83 Teredo
XI '84 390-330 | Kink,twist &nd
broken wires
12 111 '85 Corrosion
South of Cape 13 IT1 '85 Fault-cable suspend-
St. Vinc ed over a rock
South of Tarifa 23 I ‘8717 II '87 Break-no data
Northern Gulf v 87 300-275 | Corrosion
v '87 570-700 | Corrosion
11 '69 386 | Fault-no date
22 1 '89 1T '89 1100-650 | Break-no data
Str. of Gibraltar 8 v 'al 56-33 Break-no data
Northern Gulf 1By 9y 9 Chafe
, 19 VII '93| L3 Chafe
30 VIT '93| 35-38 Chafe
28 VII '93| 3 VIII '93 Lk5.490 | Fault at kink
26 XI '93} 30 XI '93 Chafe
21 IV '94}{ 27 IV 'Ok 610-435 Cable buried in mud,
broken by strain
1 Vv 'gl Feult at kink
5 V. '9L Teredo
Cape St. Vinc 23V '95 LB0O-428 | Corrosion
Northern Gulf 31 XII '95 765-596 | Teredo
ik 3 196 19-50 Chafe
12 X '96 334-293 | Corrosion .-
20 X ‘o6 14 X1 '96 23 Chafe
1 X a7l 3 X 'a7 32 Chafe
25 1% ‘97l 2 X '97({ 18 Chafe
18 VvII '98 Fault at kink
30V '99l 2 VI '99 Chafe
27 V1 '9g9] 30 1x '99 75-110 Chafe and corrosion
20 VIIT'SG 320-294 Teredo
9 1X '00 L5 Fault-no data
18 X '00 Chafe and corrosion
31 X1 '00 Fault-no data
26 X171 '06| 28 ¥11 '00 Chafe
e T A e e e S e et e .
e e tante ante e N SRR ST R R AL G W S SSRGS GG VYL VA FE VS VS VEFS V2 R 8 VS ¥ -

Table A.7 Gulf of Cadiz Region (Carcavelos-Gibraltar 1) Submarine Cables
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Table A.7 Gulf of Cadiz Region (Carcavelos-Gibraltar 1) Submarine Cables

(Ret.8)
Date of Date of Water
Location Depth Cause of Failure
Failure Repair @ Splices
(Fathom)
South of Tarifa XiT '79 Break-chafe
16 X1 '8 Break-chafe
2 111 '82 Break-chefe and
corrosion
Y '83 Teredo
¥I '8b 390-330 | Kink,twist andé
broken wires
12 I1IT '85 Corrosion
South of Cape 13 11 '85 Fazult-cable suspend-
St. Vinc ed over a rock
South of Terifa 231 877 11 '87 Breazk-no data
Northern Gulf v 87 300-275 | Corrosion ~I
\Y '87 570-700 | Corrosion "
11 '89 386 | Fault-no data e
221 '8o 11 '89 1100-650 | Break-no data o
Str. of Gibraltsr g W oo 56-33 Break-no data ]
Torthern mlf 15V 'l 9 Chafe =
19 VII '93 43 Chafe .
30 ViI '93 35-38 Chafe
28 VIT '93| 3 VIII '93 L4s5-4oo | Fault at kink ,
26 XI '93| 30 XI '93 Chafe '
21 IV '9h| 27 v 'l 610-435 [ Cable buried in mud,

broken by strain

1V "ol Fault at kink
5V "9l Teredo
Cape St. Vine 23V '95 L80-L428 | Corrosion
Northern Gulf 31 XI1 '95 765-596 | Teredo
b1 'gél 19-50 Chafe
12 X '9% 334-293 | Corrosion
0% r'oC) 1k ¥1 90| 23 Chafe
1 % '97] 3 X o7 3P Cheefe
e85 1Y gr 2 X 97 1€ Chate
16 Vi1 '98 Fault 2t kink
30V '0a| 2 VI ‘oD Chafe
27 N1 ran] 30 1) 99 75-110 Chate and corrosion
20 NVITIYAD 320-04l | Teredio
g 1Y 00 Ls Fault-no data
860 1O0 Chafe and corrocion
21 Yie oo Fault-no dotn
PeONIT TO0 28 NTT 00 Chafe
v
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Table A.7 (Continued)

ML A AN o 'h da n W rati i g e g% gud 'St A ik A Sat el il
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Date of Date of Water _
Location Depth .
Failure Repair @ Splices Cause of Failure
(Fathoms) .
Northern Gulf 2L 1 '03] 1k 1T '03 Chafe ‘“a
8 VII '03] 13 Vi1 '03 Fault-no data
5 VIII'O3} 7 VIII'O3 Fault-no data
31 VIT '0315 VIII'O3 Perished core
22 X 'Ob Fault-no data
28 X "ok Fault-no data
L XI 'Ok Fault-no data
Str. of Gibraltar ik XIT 'ob Perished core
Northern Gulf 25 VIII'05 300-280 | Teredo
18 III '06 Fault at kink
19 IX '06 Fault-no data
Str. of Gibraltar| 31 ¥II '06| 201 '07 Corrosion
Korthern Gulf 137 0712 11 '07 Corrosion
27 vViii'orj e 1IX '07 Break-unrecovered
15 711 '07| 24 111 *07 Corrosion
Str. of Gibraltar 16 IX  '07 138-65 Fault st kink
7 I1 '08t 9 I1 '08 Break at surfline
during gale
28 v 08 30V  '08 Chafe and corrosion
28v  '08] 20V '08 Corrosion
Horthern Julf 2 IX ‘08| 20X  '08 L48L-384 | Perished core
27T »1 '09) 0 ¥I '09 Chafe
18 v '10 Fault-no data
22 YIT '10] 12 1 '11 Fault-no data
14 VvIIT'1l Fault-no data
Cape St. Vine 9 VIIT'l3} 12 1X '13 Los-429 | Fault-no data
llorthern Gulf 12 IX  '13] 15 IX *'13 L435-430 Fault-no data
3 I1I1 '14]| 19 111 "1k Chafe and corrosion
Cape St. Vine 23 117 '14} 10 TV 1k 295-276 | Many kinks and
broken wires X
Str. of Gibraltar| 20V 1Ll ~ Vi o1l ~8-10 Chafe 4
Cape St. Vine 22 17 15| 25 131 '16 340-239 | Chaf- ]
Forthern wlf o4 111 "1l o W '15 331-31L4 | Serving rotten and
mostly fell off-
the wires wore
trittle
" el ko '] 383-L0r | Wires were trittle
and broken on drun
continuoucly
12 il 1 "G Lor-kae Cable in bod o eonei-
tion >
et
hib-< 1
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Table A.7 (Continued)
Date of Date of Water
Location Depth Cause of Failure
Failure Repair @ Splices
(Fathom)
Str. of Gibraltar| 25 111 '16é| 26 III '16 L9 Badly corroded
15 VII '16| 27 VII '16 53-60 Chafe and corrosion
20 VITI'16| 26 VIII'16 52-54 Fault-not recovered
Northern Gulf 22 V. '16| 23 VIII'16 410-409 | Corrosion
18 VIII'16| 20 VIII'16| L86-710 | Fault-grapnels
hooked in some very
stiff clay
Str. of Gibraltar] 7 III '17| 9 IIT '17 3Lk-24 Anchor
3 IIT '17)13 III '17 55-29 Chafe
12 IIT '17§ 1k 111 '17 35 ' Chafe
18 v "a7|{ 2k v 17 2L-21 Anchor
Northern Gulf 3 IIT '17| 23 VII '17 744-343 | Cable in bad condi-
tion
Str. of Gibraltar| 23 1T '18| 30V '18 72-38 Cable in very poor
| condition
8 VIT '18| 17 VIT '28! 53-65 | Cable in very poor ]
§ ! condition {
Cape St. Vine 23 viI '18} 3 Ix '18 240-450 | Kink and corrosion
Str. of Gibraltar| 23 I¥ '19] 6 1III '19 22-19 | Chafe and corrosion
Korthern Gulf y 2k v '19)  L410-458 ! Fault-no data
+v. of Gibraltar| 3 III '20i 22 IIT '20 21-25 i Chafe
21 I71 '20| 26 111 '20 24-34 Chafe
5 Vv 201 13 V 120 Corrosion
Lvorthern Gulf 21 1 ‘21 705-597 ! Corrosion at kink
+r. of Cibraltar| 31 VIII'21| 2 IX '21 Chafe and corrosiomn |
29 X1 '21| L4 XI1 '21 67-150 Break-not recovered |
! 9 v '23! 11-24 Chafe ;
fCape St. Vine 15 XI1 '23 309-288 | Trawler [
10 XIT '23{3 1 ‘'2h Corroded ends !
30V '25) | Fault-not recovered '
orthern Julf 6 v ten GV 125 330-3L0 | Trawler !
; 13V e lac vy 'es 308-300 ¢ Trawler !
i o8 v '25| 20V '2%. 115-135 | Break-cable was in |
i i fair condition |
{ excert near the )
| break i
21 111 '071 30 171 '27 ! LPR-520 ! Chate |
°1 111 '~ 31 il DT, +00-1070 | Fault-no cata
ftr. of Gibraltar il z0-18 Chafe !
orthern Sulf 10 ‘T '30! 18 11 '30f  27L-Lo3 | Corrosion i
Str. of Aibraltar! 03 1V 3011 ¥ '30(  LP-17 Corresion !
Y i | ——— A .;
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Table A.7 (Continued)

Date of Date of Water
Location Depth Cause of Failure
Failure Repair @ tplices
(Fathom)
! Northern Gulf 31 VII '30| 5 VIII'30 L38-474 | Badly corroded
Cape St. Vinc 30 XI  '31] 12 XIT '31 382-408 | Travler
Northern Gulf 30 VII '32| 21 VIII'32 1070-647 | Chafe
Str. of Gibraltar| 21 VIII'33{ 7 IX '33 L4-32 Chafe and corrosion,
27 11 '34| 22 111 '34 64-102 Corrosion f
Northern Gulf 16 1v '34] 23 1v '3h Lé2-415 | Perished core &t
' butt of splice
: 13 VII '35 6 VIII'3S L0o-LéEL | Submarine landslide
X 16 XIT '35 1 II '36 500-920 | Corrosion
) Str. of Gibraltar| 27 I '36| 5 II '36 24-37 Corrosion
| Northern Gulf o7 VII '36| 2 VIII'36| 360-515 | Chafe
g b X1 '3€| 2 XIT '36 L60-360 | Corrosion
! 3 XII '38! 30 XII '38 458-350 | Chafe
1 Cape St. Vinc 1 VI '39}16 VI '39 355-308 | Trawler
" Northern Gulf 15 ¥I '39| 25 ¥XI '39| L50-L50 ! Chafe
26 IV 'LOo| 22 v 'LO 311-545 | Chafe
: 1L v ‘Lo 29V 'Lo! L452-350 | Corrosion
{ L ITT 'Ll 19 IIT 'Ll 453-445  Corrosion
4 25 111 'L2; 30 1V 'L2 Chafe
: 27V 'b2j 12 vl 'h2 L97-473  Chafe .
f 2€ "V 'k31 8 IV 'L3 410-510 | Chafe
VIII'L3 L76-500 | Corrosion
l 17 72 'L3 . Chafe 0
y ! 13 %I 'L3| 20 1V 'L 600-267 ' Heavy ccrrosion S
3 ‘ 20 XI  'L4] 6 xI1 'LLi  605-267 | Fault-unrecovered o
1 'Str. of Gibraltar 13 VITI'LG| 18 VIII'L6| 19-19 | Corrosion T
’ | 16 VIII'L6| 17 VITI'L6! 39-30 | Corrosion S
L ' 27 1 L8131 T 48, 18-17 . Severe corrosion W
’ Cape Ct. Vine 30 IV 'L8| 23 v 'L8! 355-315 . Chafe and corrosion - Ay
1 ‘Northern Gulf ¢ VIT 'L8f 23 vIT 'LB'  830-515 | Severe chaft : S
] ; i 15 I¥ 'h“| LL0-K10 | Teredo D
E Str. of Gitraltar | & Vil otk | Chufe -
b : 27 v1i 'hoy 1 vITI'LO! . Chafe ané corrosion s
i ,yor+nprn Fulf 20 X 'Lo| 12 KT 'L9:  sL0-550 ¢ Chafe ~
|7tr. of tibraltar e 7w kol a oyt 16215 Corrosien 6
;Loythnr' Talf o¥ToorQl 12 Y11 '50, L91-L80 ! Feult-unrecovere i Ay
1 13 v 'R1] 20 1V 'Rl LRALS12 | Chave NS
| {11 vTT D)0V ['so| 000370 | Cuzte i
! povIT et D VIT"S‘, €70-000 | Chafl i
’ | RN R NS IR B IR B10-L50 | Freshi-unrecovers "
T S S | —d . e
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Table A.7 (Continucd)
Date of Date of Water
Location Depth Cause of Failure
Failure Repair @ Splices
(Fathom)
Northern Gulf 6 1T 's5f 15 111 '55 L6B-478 | Chafe and corrosion
Str. of Gibraltar| 21 VII '55| 25 VII 'S5 L40-31 Chafe and corrocsion
Northern Gulf 521 's6l 5 IIT ‘56 550-585 | Fault-unrecovered
21 VI 's56} 30 VI '56 k20-500 | Severe chafe
17 1X  's57] 21 1Xx 's57 288-160 | Marine growth and
"] corrosion
7 XI '57) 18 XI  's7 230-570 | Chafe and corrosion
22 v 's8l 31 v 's8 L50-459 | Chafe
Str. of Gibraltar| 25 v  's58] 16 VIII'58 23-43 Chafe
Northern Gulf 26 1X 's8] 3 x 's58 L00-510 | Chafe
15V  's5G] 22 v '59 L427-585 | Fault-unrecovered
Str. of Gibraltar| 18 XII '59| 28 ¥IT1 '59Q Chafe
LKorthern Gulf 30 1V '60f 27V '60 477 | Chafe
ik VII '60] 31 VII '60 bgL-L475 | Fault-unrecovered
28 ¥I '60] 3 1 6l 575-535 | Chafe
10V 61 13V ¢l 511-52L Chafe
26 Vi1 *61f 13 viirTrél 345- Pault at twist
Str. of Gibreltar] 1 IX '€1] 8 IX '61 Break-unrecovered
Norshern Gulf 1 II1I 'é2] 6 1II1 '€ L73-LLY4 | Ereak-unreccvered
Cape St. Vine Y '62) 20 V ‘60 350-402 | Trawler
Northern Julf 16 X1 62| 6 Y11 'é2 Ls8-L€3 | Break-unrecovered
7 171 '63| 25 111 '63] L420-520 | Badly chafed
tr. of Gibraltar{ & Vv 'C3] 11V €3 67-68 Chafe and corrcsion
Northern Gulf 18 x  '6é3] 26 %  '63 558-509 | Severe chafe
Str. of Gibralter | 12 X1 '63| 18 XI '€3 50 Severe chafe
Horthern fulf 9 1 'é4f 131 64| 350-535 | Badly chafed
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L Table A.8 Gulf of Cadiz Region (Carcavelos-Gibraltar 2) Submarine Cables
(Ref.8)
-
Date of Date of Water
Location Depth Cause of Failure
Failure Repair
{(Fathom)
South of Tarifa | 4 XI '98| 8 XI '98 Chafe {
1 VIII'03] 3 VIII'OC3 Fault-no data
Str. of Gibraltar VIII'OL| 8 VIII'O4 Fault - no data
Northern Gulf 5 V 089 v '08 350-330 | Teredo
Str. of Gibraltar{ 8 XI '08] 16 I '09 L1 Fault-no data i
22 XIT '09y 9 1I '10 Chafe & corrosion |
26 XII '12] 29 XIT '12 35-25 Corrosion |
28 1 '131 13 11 '13 20-29 Fault- no data
: Northern Gulf 12 17 '13( 1 III '13 230-13%5 | Feult-cable in fair
) ) ol I condition
23 X 14125 X "1 -7 Corrosion
Cape St. Vinc P19V 15 2L v '15| 64-100 Perished core
Str. of Gibraltar 24 VIII'15 | 25 VIII'lSi 28-Lo ' Chafe & corrosion
fo8 1 '17]/2 v '17! 18-17 | Chafe
Northern Gulf ; 26 1 17 bk ovir a7t 658 . Fault-no data
Str. of Gibraltar| 15 3 18] 29 1V '18: 16-31 ! Chafe & corrocion
8 1x t18'!o 1x 18 35 ' Chafe & corrosion |
Cepe St. Vine 2h ix  '18: 30 IX '18! 180-62 Chafe & corrcsion |
Northern Gulf 15 ¥1 '184 19 ¥I1T '18( 335-325 Fault-unknowm ;
22 V 119 325 + Fault-no date :
Str. of Gibraltar| 4 1 '20l201 '20! ! Chafe :
Korthern Gulf 25 IX '20| 11 X '20 325 . Perished core |
Str., of Gibraltar| 11 IV '22| 13 IV ‘'22 . Chafe & corrosion |
9 1v '23|k v 23! 61-60 1 Travler 1
16 X1 '22 21 ¥XI ‘'22: 58-51 Trawler i
30 X1 22| 57-330 Trawler ;
1 XTI ‘225 2 i Trawvler i
! 20V ‘23 £7 7V 23 L5 ; Fault-net r(coverc;i
| 23 X7 '23} 5 1 '2k,  €0-L0 ' Fault-not recoverci
1 v 'ehio10 ivoorel Lo-2s 1 Corrocion i
Northern ful{f 18 VI '25; 327-327 1 Travler !
' 12 v 'eqy 17 v en, | Travler i
* 19 VI 'osi 01 VT st 30T-30T C iradler
g 13 V1T '25| 1€ Vi1 et 3064330 ¢ irovler !
N Str. of fitraltar ST R PSS U B % o :
. VTSR et AN Chafe & corrosion
9§ I 10 N7 0 Dlara 1 Anchor
’ iHorthPrn al? ! TV T e E Corraded Wint .
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Table 4.8  (Continued)

“H LR A

- T [~ - }_.
S Date of Date of Water £
Y Location Depth Cause of Failure ﬁg
o Failure Repair ﬁ
Fa m
\ (Fathom) E
- Str. of Gibralter 3V '30 20-23 Chafe & corrosion ;Q
e Northerw: Sulf 13 XIT '30] 39-23 Trawler N
e 16 IX '3 43 Trawler e
26 ¥I '31] 5L4-55 Anchor .
Str. of Gibraltar 9 TIIT '32y 13 Break-not recovered E.
! v '3 Anchor Dby
Northern Gulf 29 X '32| 50-53 Break at kink b
Str. of Gibraltar 28 IT1I '33 15 Chafe & corrosion =
i 8 1 34 13-20 Fault-not recovered ' o)
INorthern Gulf i 25 TI1 '34 L2-44 ! Fault at kink -
Str. of Gibraltar 28 vI '3k 16-17 Corrosiocn ! iE
3 IIT '35 12-19 Break-not recovered ' -
iINorthern Gulf | 8 1X '35 23-29 Chafe & corrosion -
Str. of Gibraltar 28 IV '36, 16-19 Corrosion -
30 TV '36; 10-23 Corrosion o
Northern Gulf 14 VIITI'36  60-75 Chafe 3 i
Str, of Gibraltar ! L7 x '36l 13-206 ' Chafe | -
: 6 YIT '36 16 :Corrosion i .
i b8 11T '37] 18 ' Break-not recovered o
Horthern Zulf ! i L vy 38 39-LO Trawvler ; Hﬂ
: b1 v '39 0 25-27 Chafe & corrosion S
29 1X '39; 28-31 Break-unrecovered | v
! 15 vITII'4o, 15-16 Travler
'Str. of Gitraltar {26 TT W1l 15-20 : Break-unrecovered -
| 28 11 'Ll 16-19 i Corrosion and anchor, -
' 6 v un 10-14 | Chafe | -
iNorthern Gulf 1 X 'hki 100-265 SPerished core i -
; 3 X 'kl Lh-s0 i Corrosion : i
Str. of Gibreltar 20 x ‘43| 15 | Chafe l E
; 13 ¥T '3 L6.125 I Corrosion ; o
Horthern Sulf b g v1 'Lk 25-2C i Chafc « corrosion
| | L 29 ¥i 'hht no.30 ' Corrocion '
Sir. of Oitroltar [ o7 i1 bt 10-26 ~Corrozicu e trovier
: i 107 WG 03-be Chafe & corrosion v
fiorihern fulf j o5 1 'L Lo-Lr 'Saw eut ! E
' P31 VI1ith(, 2 Corrosion Z j
i | 163y W 30 | Chaf | N
? 1o 11tk oy ‘Chafe & corrosien .}
: | 1y k3 "Trawler ! ,.
Lty o0 adtrnltar ! % Vi hodle Cerrercion : '
riorf?ﬂzﬁ.'1u]? !

ey y ‘. .
sRowpt otk hreno pionlt at kink
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Table A.S  (Continued)

. A R A T T T T T
f Date of Date of Water
. Location Depth Cause of Failure
Failure Repair
(Fathom)
. Str. of Gibraltar 30 IIT '48: 10-26 Chafe & corrosion
. 28 VvII 'L48| 15 Corrosion
[iorthern Sulf 16 VIII'L8i Lo Corrosion
Str, of Gibraltar 19 VIII'h8 22 Corrosion and
{ tension
: 16 1 '50; 19-23 Chafe & corrosion
0 181 '50. 17-19 Fault-unrecovered
- Northern Gulf 1971 '50; 82-117 Trawler
x 22 IV '50, 23-30 Break-unrecovered
Str. of Gibraltar 9 XIT 'S0, 13-15 Break-unrecovered
INorthern Gulf 13 XIT 's50° 32 ‘Trawler i
Str. of Gibraltar 20 XI ‘51 Corrosion
Northern Gulf | 1 II '52 50 | Corrosion
{ 2 11 '52. 51 Corrosion
: § 17 IX 's2, L2 ' Corrosion
2 ! 22 VI '53 25 | Trawler |
- (Cape St. Vinc 2 14 Y11 's53 30-38 ' Travler
- ‘Sty, of Zibraltar o 81V '5&' 15-31 Fault-unrecovered i
» Korthern Gulf | 11 TV 'Sk 17-20 Fault-unrecovered i
- ; Y 'Sh 25 Break-unrecovered
- Str. of Gibraltar: ¢ 13 VIT 'sh b Chafe & corrosion |
!Iorthcrn Gulf | 11 VIII'Sh 28 . tension & corrosion
! 21 X 'Sh? LYy . Corrosion
| i 15 VIT 's5l 51 ' Travler :
i 23 %1 's54 3 . Break-unknown i
istr Gibraltar 27 11 '56 12-16 , Chafe & corrosion !
i orthern Gulf 15 VIII's6l 52 Trawl~ r
| ‘ 1 Vv 's7 Lo | Break-unknown :
; 7 VIIT'57| 48 | Chafe & corrosion
i+r, of Gibtraltar | 3 IT1 58 2 ' Corrosion !
: 16 v 58 2k | Fault-uninowm
Dlorthern Talf 23 VII '8 Ll * Break-unrecovercd
! : 27 V11 '5b 50 ‘Travler t
: { Lox1 o o's8 37 i Trawler i
By, of dtraltor o7 ¥l '“5 1] , Chafu & corrosion
! 28 ¥11 '8 26 Corrogsion ‘
Frerthe rnomls 20 X171 '8 70 | Corrosicn
[ape Ol Vine 26 Ty e 33-3N0 i Tencion
7tr. of 1t ot et 21400 fﬂreﬁﬁ—;unﬂ‘vovfrvﬁ
;Wor’hbrn wlt U VI OTRO 30-30 reawler
l ! 10 YII]'“QZ AR |T iwleyr
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Table A8

(Continued)

v-w"-v‘-;v-\.:\‘ “-y‘,‘i-._ -

T, W,

Date of Date of‘l Water
Location Depth Cause of Failure
Failure Repair
(Fathom)
Northern Gulf 1 X 's9  Le-la Trawler
17 XI1 's9 63-52 Corrosion
Str, of Gibraltar 3 VvV 'é6d 16-55 Break-unrecovered
16 VII 69 26-25 Corrosion
ik IX 6 25-41 Chafe & corrosion
Northern Gulf 7 X '60  S0-50 Travler
18 %X 'éd 39-37 Travler
Cape St. Vine 23 XI1 '6Q 26-26 Break-not reccvered
o5 IV '6)] 28-2u Trawler
Northern Gulf 25V  '6l 50-48 Travler
Cape St. Vine 11 v '6l 35-37 Trawler
Str, of Sibraltar 9 XIT '€l 15 Chafe & corrosion
251 ‘6l 22-21 Trawler
Northern Gulf 21 VII ‘68 262-355 | Travler
26 IX '62] 57-59 Corrosion
1 I '63 260-330 | Trawler
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Table A.9 Gulf of Cadiz Region (Carcavelos-Gibraltar L4) Submarine Cebles

(Ref. 8)
i
Date of Date of Water |
Location Depth | Cause of Failure
Failure Repair ’
(Fathom)
|
}

i
Str. of Gibraltar {12 VII '487 2L VIII'L8| 55-46 korrosion .
'Northern Gulf 9 IIT 'hk9l18 IIT 'k9{ 358-2L8 Corrosion :

Cape St. Vinc 11 v 'hgl21 Vv 'h9| 275-278 ITrawler i
20 I 'Ll | 8 ¥ k9| 280-285 rawler ;
Northern Gulf 20 VIII '50t L VIII'SO; 2L45-300 Corrosion

; 15 VI ‘51|24 VI 's1{ 315-298 Chafe
: 27 VIIT '51| 31 VIII'51 | 298-333 Cut by axe

'Str. of Gibraltar 16 X 51119 X 'Sl Anchor
Cape St. Vinc 25 71 's213 I1 ‘52 92-184 Chafe & corrosion
I1Str. of Gibraltar 29 T ‘5218 11 's2 Chafe & corrosion

' iNorthern Sulf 3 IV ‘52117 V. '521 302-305 Corrosion
: 23 v '52, 31V '521 310-310 Corrosion
iCape St. Vine 10 IX  '52415 IX '52| 278-275 ‘Trawler
iNorthern Gulf 15 I1I1 '53{21 111 '53 | 252-255 [Perished core j
‘Str. of Gibraltar ;11 VIIT '53' 14 VIII'S3] 130-85 Chafe ,
Cape St. Vinc 19 IX  '53, 28 IX '53, 280-295 |rrawler

. \Northern Gulf 126 X '53 121 XI '53' 250-225 lrawler
lstr, of sibreltarlch ¥ '53 |2k ¥T '53 39.117 Chafe & corrosion
orther, Sulf 17 11 'sk10 11 'sh' 161-141  Trawler
!Str. of %ibraltar 25 TI1  '8L| 30 31T 'sh’ 26-39 Break-unrecovered
Ilorthers Gulf (30 1, 'sh|21 TV 'sh| 340-500 Ferished come ‘
{Str, of :ibraltari17 II '554 16 111 '55i Lo-25 Chafe & corrosien |
: 15 1 '551 10 TIT '551 26-26 Chafe !
iCape of St. Vine ;9 X '554 10 ¥ '551 335-76 Corrosion ‘
ilorthern Gulf 2l 1 5712 II 'S57i 165-148  Trawler
iStr. of Sibreltarl 11 '57|3 II 'S7! 31268 Corrosion
{Northern Gulf 22 V1T '57| 8 VIIT'S7. 280-300 Ilorrosion
: 12 XTT '57] 16 XI1 '57| 225-185 [Corrosion
Str. of Gibraltar 16 YIT 57,19 XII 571 36-42 Chafe
‘Horthern 7ulf 17 X711 'S?I 17 1 '58 0 277-313 Travler
‘Str, of Sibrelénr izl v 's&h 1 v 's8 0 L7o30 iCorrosion
Torthern mlf 107 v 8118 V1 '58. 15L-2(3  Trawler
Str. of Tbraltar €0 X110 'S8 2L XIT 'o8. Lo-o7 Chafe & corrcsion
Nor+hern wilf !P? Y '90! 20 1V '59° L30-3L3 Fault-unrecovere
l fl: Rol1p v R0 68-15( Travler
Ty, of diraliar 17 Vo 'Ly 20V "9; oB-70 ‘hafc + eorrosion
| |71 VITOoteul oL VIl '59 0 (1-108 Khinte
!Hor:her alf 1 vipr el 1R V!‘T'SQE 200-30¢ Mroviler
‘ he vy ol o oas iea 111-220  ‘fravler
; i3 v 'hoi PRI '60; 18030 & i'orrosion
U S R _
NI N e

o

- P N N SRS, I Y
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» Tatle A.9 (Continued) %
.t Date of Date of Water gl
N Location Depth Cause of Failure E
o . . .
~ Failure Repair > :
B
N (Fathom) e
Str. of Gibraltar}l0Q 7X '60] 15 IX '60| Lk-g2 Chefe o
a8 3 7 61l b1 '61| L43-39 Travler =]
. : 19 7 '¢1l 1 11T ‘61 38-28 Chafe .
- 23 XIT 'é1|l b4 1 61| 1k-14 Severe chafe N
9 IIT 'e2| 13 TIT '62| 19-19 Chafe p
Cape of St. Vine |30 IV ‘62l 2 v '62] 319-295 |[Trawler A
. Northern Gulf 20 TX  '62f 27 IX '62| L25-328 |Chafe S
o Str. of Gibraltar{lO XI '62| 5 XII '62| 30-31 Cable ragged
o Northern Gulf 12 V1 '63{ 12 VI '€3} 175-137 |Travler o
.-_: Str. of Gibraltar{26 VIII '63| 6 IX '63| bLi-l1 Break-unrecovered A
o Northern Gulf 16 ;4 '63] 18 1¥ '63| 318-283 |[Trawler oy
Str. of Gibraltar{1Q XIT '€3| 21 XII '6é3]| 12-25 Fault-unrecovered .
Xy
.
&
L v
. ::'.'
“ S
i
: 7
3 “f-
» 4
i [+
F




, Table A.10 Gulf of Cadiz Region (Gibraltar-Casablanca) Submarine Cables :2
- (Ref. 8) A

Date of Date of Water

Location Depth Cause of Failure "
Failure Repair o
(Fathom)

Str. of Gibraltar 31 X 'L3 Chafe
1 West off 24 IIT 'L} 21 IV 'L} 200-250 |Chafe
. Gitraltar 20 TV 'Lul 30 IV 'Lh4] 290-2L4 |{Chafe X
21 VII 'Li] 17 x  'Lb4} 200-250 |Chafe
Str. of Gibraltar|29 X 'Lbhl 5 XI 'L4| 150-135 |Break-unrecovered E
S XI  'b4} 10 XTI ‘'WL} 77-93 Core spew N
24 v 'bs| 210-200 |Break-unknowm .
25 VIIT 'L45) 17 IX ‘'Ls] sh Fault-all cable in ;
very bad condition NN
and can not be used e
again R
21 XI1 'Ls Cable abandoned e

F e a8,

eve aE &

e e e e T e e e T e e e e e e
T T B e T T S I




(Ref.

Location

Date of

Repair

- =

Table A.11 Gulf of Cadiz Region (Porthcurno-Gibraltar 3) Submarine Cables

Water
Depth

(Fathom)

Northern Gulf

Str. of Gibraltar
Northern Sulf

Str. of Gibraltar

Northern Gulf

are St. Vine
horthern Gulf

8)
Date of
Failure

8 1 '07
23 1 '08
2 11 '12
5 1I1 '12
16 ¥ '13
16 111 '16
2L 11 '16
11 1IT '16
18 ¥I '16
17 ¥I1 '16
16 111 '17
22 X '17
31V 18
21 VIII'18
1k 11T '19
20 111 '19
28 Iv '20
8 X% '21
(261 22
7 VII '23
23 ¥IT '23
31 XI1 '23
161 24
28 111 '24
12 Iv '27
315 VITI'eT
f

'30 Vi '30
110 71 '3
(e Tr a0
"3V 30
o0 30
¢ X717 '3h
PR ER AU
EovTiTr Ry
i3 '3

= 0N !—'L’::‘O\O\O

121  '07
261 '08
2 11 ‘12
12 111 '12
18 X '13
18 111 '16
3 II1 '16
23 111
20 XI '16
22 XII '16
21 II1 '17
29 X '17
8 vi '18
25 VIII'18i
18 11T '19
26 IIT '19
29 IV '20
X 'a
11 '22
VII '23
XI1 ‘23
1 el
41 2k
v '2h
5 IV '27
10 VIII'27
29 111 '28j
& VIII'30'
ceot1o13p
¢ 117 32!
30V '37
27 V1 132
chovro'3e,
31 Y 30
21 11 '3l
JOOV 30
1(- Vit .37 .
1€ - 'a7

!
|

18-20
15-15%
27-19
39-42
14-23

17-19
12-14

15-17
20-17

31-175
L0-39
25-20
48-k40o
2k-23
108-51
L6-Lé
35-LO
25-26
17€-14
23

ho
335-220

jgel
”
57 - r\U

26-L0
b3
L.
3')-8(-
100-17
301010

Trawler

Chafe

Chafe

Trawler

Trawler

'Anchor !

lAnchor f

Chafe & corrosion i

Anchor ]
!
|
!

Cause of Failure ]
I

o

{

i

|

(]

|

{Chafe

lAnchor

Chafe

Break-tuna net anchor
at corroded place ]
Anchor ;
Anchor I
IAnchor i
iAnchor '
‘Travler )
Chafe & corrcsicn
,Trawler :
;Trawler }
gTrawler

Fault-not recovered
‘Trawler

’Break-cable crushed
:by rocks {
:Corrosion
JAnchor ;
{Fault-not recovered
i[Chafe & corrcsion 1
‘Freak-nct recovercd
'Chafe & corrorion
Chafe

Chafe

Chafe

ikreak-not recovered
forrosion

Ve corrarion

Anclior




Table A.11 (Continued)

Date of Date of Water
Location Depth Cause of Failure
Failure Repair
(Fathom)
Gibraltar 20 111 '38) 22 II11 '38 30-88 Brea¥k-no data
3V 3918 V '39 319-2h9 Chafe
16 1 Wil 2k 1T 'b1| 67-59 Corrosion
12 1v '\1l3 v 'n Break-at water's edge
during a gale
Northern Gulf 22 1 43| 24 1T 'L3} 500-509 iCorrosion
18 IX  'L4} 16 X '44{ 510-500 |Fault-unknown
Str. of Gibraltar|o I 44 19 IX ‘'4bL4] 22-10 Corrosion
10 VII 'hks| 18 ViII 'Ls| Lo-32 Chafe
L 1 ‘L6 10 1 46 16-18 Chafe
Northern Gulf 18 VI ‘L6 26 VI 'L6] 520-500 |Chafe & corrosion
26 IV W7l 6 IV '47| 950-875 {Corrosion
11 VIIT 'L7| 15 vIIT'L7| 250-200 |Chafe & corrosion
10 X1 47t 26 XI '47) 5LO-500 |[Chafe & corrosion
Str. of Gibraltar|l I L8 4 1 L8| 77-8% Chafe & corrosion
7 VIII 'L8] 12 vITI'L8 295-230 Chafe
L 1v  'Lo| 25 1V ‘*L9} 326-247 [Chafe
28 1V 'h9 L v 'h9 38-hl Chafe
30 VITI'L9| 59-73 Renewal-cable in
good conditien, but
chafe and corrosiocn
in several parts
16 Y31 'ho| 17 ¥I1 'ho| 21-21 Corrosion
12 ¥I1 'bk9j 15 XI1I ‘'bkg| 21-21 Break-unrecovered
Northern Gulf 23 ¥I1 'Loj 12 1 '50 432-350 Severe chafe &
corrosion
20 Vv '50{ 30V '50 502-500 Chafe
Str. of Gibraltar|o? VI o2l b VvITI ‘52 58 Break-unrecovered
Yorthern Culf 19 711 'sk} 28 111 'shk{ 63L-52L4 |Fault-cable mostly
bare ané badé
corrosion |
2SN\ vec| ¢ v tes|  1020-117C iCorrosion !
Str. of Cibraltar|19 V veol 28 v 550 LO-Lk iExtreme chafe
8oy Gl 10 1Y 'eGi 37-Ld IFevere chafe
Northern “ul” 20 Y11 'ATL 30 ¥1T 'R7 EDG_50  |Severe chnfe
Jtr. of TGitraliar|Po M toar £ NTT 'R0 63-?05 "hate
Northern wmlr 16 001 0o 20 V1T "6 BCT7-03h | icavily corroded
|




Table A.12 Gulf of Cadiz Region (Porthcurno-Gibraltar 4) Submarine Cables
(Rer. 8)

Date of Date of | Water :
Location l Depth | Cause of Failure
Failure Repair i

!

Btr. of Gibraltar ;9 VT '20 | 26 VI '20. 109-171 iChafe
10 '20 1 13 X '20j :Chafe
fape St. Vinc 2Lk x1 23 | 2 Y17 '23i 209-212 Travler
15 1 24 | 191 241 217-200 Trawler
11 XTI '24 | 15 XTI  '2L; 235-250 ‘Trawler

!

[

* |
(Fathom) | |
: !
!

!

t

i

!

i

i

lorthern Gulf 3 v '25|6 VI r'25' 340-335 .Trawler :
17 vIIi'es | 19 v111'25; 345-346 'Travler !

Str. of Gibraltar |19 TII '27 | 25 111 '27! 121 lchafe & corrosion |
30 VII '28 | 15 viI1'28] 130-165 'Chafe ,

Northern 3ulf 11 VIT '29 | 28 VIT '29] 602-355 IChafe ;
Str. of Gibraltar (18 VI '31 | 3 VII '31; 190-170 !Chafe & corrosion '
Northern Gulf (8 YT '33 11511 '33; 370-310 Chafe ;

; 128 VITI'33 | 20 IX '33! 655-590 :Chafe & corrosion '
Etr. of Gibraltar {15V '3k { 21 vI '3k  173-173 ICorrosion !
t 115 VIII'3L | 21 VIII'34! 210-175 !Break-cable regged
; I ‘and bare,some chafe .
2B X ‘3% ;1 XTI '3k 197-175 -Fault-not recovered .
3 IV '35 i 13 v '35, 216-252 Chafe

t10 VIT '36 ; 11 VIT '3¢° 110-95 Chafe & corrcsion
301 '37 12 11 '37 133-49  Corrosion

Northern Gulf '25 TIT '37 ' 1 IV '37 667-%56 Corrosion i

!
i
'
|

Etr. of Gibraltar (13 IV '37 | 27 1v  '37, L3-45 Chafe & corrosion
; ;28 XI  '37 1 13 XIT '37, 12L Hreak-unrecovered
4 120 V1 '38 5 7 VIT '38; Ls5-52 Chafe & corrosion
Korthern Gulf |31 vIII'32 | 1 X '39 712-627 Chafe & corrosicn

123 %17 '39 © 29 XIT '39] 341-397 iChafe
Str. of Gibraltar 127 1 ‘Lo 1 301 'hO% 210-130 .Corrosion
lorthern ~ulf .16 V11 '41 | 17 VII 'b1’ 670-652 iCorrosion i
]

9 Vi LT 6 VIT 'b7 652-580  Break-cable broke
! = . jat repaires srlice
Fer, of deraluar ;1¢ X171 'L7 17 XIT 'b7 80-180  Chafe & corrcsion
liar<ber: 217 oy 'LE a5 v 'L 57€-5kR vault-corroded twist
12357 'ko gy 1011 'bop 510-555 iCorresion
2TVt 20 v tho, 34R-3L0 TPreak-hocked bty ship!
Fir. of sitraleny 131 Vi kol 3 vi11ka 168-17% Chafe
borthe rs wlf |0 N1 Xt 'm0 GOBL610 Erhafe !
r‘r, of it ltay ich ity oty cacrr ey 160-1kn Shavile ehin et and
; | ‘ ICOTYOdcd
Foresm, oae N N T A I Y Lz-.3mm gﬂr!ﬁ
iirr 1ty o e g ot Lasron Lonfe

«®a e
-----

A I A IS

T e T et e Tt e et e e et
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Table A.12 (Continued)

e L e L N

AR et ek at e RS A S b i -k Sl Sl Sl S S
o

Date of pate of Water
Location Depth Cause of Failure
Failure Repair
(Fathoms)
ibraltar 25 71 's52 | 5 TIT '52| 149-190 |Preak-unrecovered
23 ¥IT '53 t 28 XIT 'S3 100-190 |Chafe & corrosion
19 ¥II '55 | 28 XIT 's5{ 110 Fault-cruched catle
13 1T 's6é | 3 IIT '56| 150-140 |{Severed chafe
orthern Gulf 17 %1 'S6 | 2 XII 'S6| 320-250 |Severe chafe
16 717 '57 | 25 111 's7| 360-340 |(Chafe
Str. of Gibraltar|23 IT '59 | 1 III 'S9| 163-154 |[Chafe
20 7V 'S 5 V '59| 123-149 |Severe chafe
19 11 '60 | 1 III '60f 115-91 Severe chafe
15 11T '63 | 28 III '63| 12L-237 |Break-unrecovered
10V 63 {11V '63{ 121-237 |Chafe
1 ¥II '63 | 9 XII '63| 112-208 |[Chafe

.-

.

o
)

g
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Table A.13 Gulf of Cadiz Region (Vigo-Gibraltar) Submarine Cables .
(Ref. 8)
- N S
Date of Date of Water |
Location Depth Cause of Failure
q Failure Repair
i (Fathom) |
- e _— "
[ Str. of Cibraltar!25 TV ‘02| 1 Vv 'Oz Chafe !
1 : 8 XIT 'ol! i Chafe |
! 19 VIII'07 | 30 VIII'OT7: ‘Chafe & corrosion
! 2 I1 '12 | 15 11 '12 | Break-not recoveres |
| 8V '15| 30V '15 | Chafe ‘
! 101 '16 | 241 '16] 22-15 Chafe
| 22 TV '16 | 1 VI '16; 73-100 | Corrosion
| 5 V '16)| 20V '1€ 67-51 .Chafe & corrosion '
| 20 XI '2€ | 24 X1 '16] 35-18  :Corrosion |
j 17 XIT '16 | 9 IT '17! 19-22 'Chafe & corrosion
! teer 181 6 11 '18 1k-13 {Chafe & corrosicn
i i25 Vi '18 ! 8 1x '18! 66-32 ‘Chafe & corrosion
l ;3 X "8 7' 17 X1 '18i “Anchor
| Borthern Sulf 11V ‘20! 15V '20 | Travler !
' Str. of Gidbreltar,13 X '20 | 14 X '20  70-L8 ‘Chafe & corrosion
} 120 111 '22 ¢ 2k 11T '22. 15-16 i Chafe i
;Northern Zulf Plh 1x 22 0 27 X 22 "Trevler
; t1b 111 '23 , 15 11T '23]  58-58 Travler ’
| .28 11 '23, €6 TIIT '23 51-Sh  Trawvler
! i 'z Iv '23 Lk.L7 Break-unknovn
! | 5 %X '23; Lk2-Lo Corrosicon
| Str. of Sibraltar|3 VIT '2k ) € VII '2k. 100-103 'Chefe & corrosion
t Northern Gulf 10 XI11 '23 | 1L 1T '23; 116-123  Fault et kirk :
i Str. of Gitraltar 1k III '©5 | 21 III '25; 28-56 Fault-not recovered -
{ Northern Gulf 20V 25 0 27V '25! 152-1L0 - Trawler
: 128 VI '25 | 30 VI '25° €1-57 . Trawler
| Cape St. Vine 118 TIT ‘25 | 2 VIT '25 373-33% :Fault-unknowm
: ik 1 26 l 15 1 '26: 340-7% iChafe & corrosion
|

" Str. of Gibrazltar 8 v '26: 2g-38R ‘Chafe & corrosion

Torthern Tulf L 20¥W1 26 116-12L . Travler

;Str. of Gitraltar 3 111 ety 20 Cnuafe & corrocion

: T I O'E27 15-33 Clafe & corrosicn

‘ 118 v 07, ‘Break at water ed:ro
it v o7 27-708 Chn?e

. IO A B (R  Chn T

’ o2C X1 '07, 10-17 CCha Te

,Ncrthrrn wlf , D TR R el Cireler

| | [ T L R U L Trovler

! TR Aot ST Tyawler

| ;

; . R
! R T30 R frreuk-not reocoveres
!

bl
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Tabtle A.13 (Continued)

. ; RS
o o0

Date of Date of Waterxr
Location Depth Cause of Failure
Failure Repair
(Fathom)
Gibraltar 11 1 '30] 75-127 Fault at kink
Cape St. Vinc 5 I1I '30| 63-77 Break due to strain
Str. of Gibraltar 7 vV '30| 15-18 Corrosion
17 VIII'30| 75-10k Break-not recovered
Northern Gulf 9 IX '30| 137-143 |[Trawler
Cape St. Vinc 1 XI '30] 105-300 |[Chafe & corrosion
Northern Gulf 12 XIT '30| 18-88 Chafe
19 IV '31| 1L47-168 |Trawler
Str. of Gibraltar 21 IV '3l 11-18 Chafe & corrosion
Northern Gulf 27 VI '31) 133-140 [Trawler
Str., of Gibraltar 28 XI '31] 23-25 Corrosion
30 XIT *32 25-31 Chafe & corrosion
Northern Gulf 2 1 '33] 32-L0 Trawler
17 ¥I ‘'34} 150-153 |Corrosion
Str. Gibraltar 2 Vv '35 92-97 Chafe
Northern Gulf 15 IX '35| 134-165 |Break-cut by are
Cape St. Vinc 17 IX '35 73-308 Travwler
Northern Gulf 5 XIT '36] 1€-18 Corrosion
Gibraltar 13 XI11 '3¢} Le-11s Break-unrecovered
s II '37] 18-23 Corrosion
Korthern Gulf 10 X '37| Lb-53 Travler
Jibraltar 18 XI1 '37| 32-37 Corrosion
20 XII '37| 5L4-100 Corrosion
13 11 '38] 11-15 Corrosion
Northern Gulf 1 11 38| 33-kL2 Chafe & ccrrosion
6 VII '38] 125-152 |Trawler
Str. of Sibraltar 12 VII '38| L2-4k Fault-unknown
30 X '38] 26-50 Chafe & corrosion
Northern Sulf 5 VIII'39] 36-38 Chafe & corrosicn
S+r, of TGibraltar 190 X 30  29-3G Anchor
12 i L0 35.-03 Chafc
Korithern "ulf 20V 'ho| 163-175 |1ravler
Cupe St, Vine 1 XTI 'Loj 3P9-3%2 |Travler
o ¥»1 'bol  32-bLo iault-unknow
C4r, of Zibraliar 27 . Lap 20-2% Jorrosion
o6 b1 f0-23 Cerresion
~3 11 'Ly 152106 corresion
Lorthern wlf 30V el chera Corrosion
! ] Jhisel ot
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Table A,13 (Continued®
Date of Date of Water
Location Depth Cause of Failure
Failure Repair
(Fathom)
Northern alf L vI k7| 1bLs5-160 |Axe cut
3 VI 'L7| 110-118 |Trawler
5 VI 'L7| 56 Chafe
6 Vv 'L7] L3 Preak-unrecovered
7 VI '47| L48-5L Corrosion
7 VII 'L7| 100-1L5 [Saw cut
o4 VIT ‘47 135-140 Trawler
12 VII '47] 55-60 Break-unrecovere?
11 1 'hol 53-110 Corrosion
Czpve St. Vinc 21 "1 'Lo] L8-62 Axe cut
2 IV '49} 2L4L0-328 |Trawvler
23 V ‘Lo 350 Trawler
7 VII 'bo| 125-328 |[Saw cut
S+y, of Aibraltar & x ‘Lol 2k Chafe
Nerthern Tulf ik X1 'hol  36-k5 Saw cut
11 IT1 's50] 165 Trawler
28 v1 's0] Ls5-49 Trawler
Caye S*t. Vine 23 VI '90 300-302 Trawler
northern "ulf 2 ¥IT 's50 h? Saw cut
6 1 's1f 3L-s57 Tault at kin:
7 % 's1] L3 Corrosion
Y re 18 Tension at break
19V '52 155-172 |Trawler
11 XIT 's2| Sk Break-unrecovered
W7 '53] 18-24 Trawler
15 11 *'53 Trawler
20 ¥1 'S 165 Trawler
g v ehf 53 Corrosion
17 Vi1 ovekp o {1-120 Rregl -unrecoveres
o ¥7 'Ll 1=B Trawler
Ceov, 7 tinralear SO XI1 'nhl 113 Break-unrecoveren
rihern wlf 1 Vit o'eEe ks Trawler
17 VI res a0 Travler
ooowlY o ten ir-20 Travler
Tey, ot rralinr oy el 1005-1130 Chafe
10,

0l le ntvanioned
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Table A.14  Gulf cof Cadiz Region (Horta-Malaga) Submarine Cables (FRef.8)

Date of Date of Water
. Location . . Depth Cause of Failure
Failure Repair

(Fathom)

“ibraltar 18 X1 'Lko | 18 11T 'W1 Heavy chafe
- L x '4o | 12 XI11 'Ls 265-310 {Chafe
30 VIIT'LG | 15 1V 'Lé 225-165 |Chafe
STV b7 | 23 1V 'Ly 111-ks Chafe
V. 'h7 | 18 v 'L7| 319-263 |Chafe
21 w8 | 6 11 'L8 Chafe
oI 'LE| 1011 ‘L8| 290-9% Severe chafe
31 VIT 'L8| 310-265 |Cable in very pocr :
conditioni,rusty end e
\ corroded .
'4a Cable restored, nc ;
repzir since, S:
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N Table A.15 Gulf of Cadiz Region (Ilas Palmas-lalaga) Submarine Cables (Fef.E) ~
2 Date of Date of Water "
3 Location Depth Cause of Failure ﬂ:
Y Failure Repair g
. (Fathom) )
- Str. of fibraltar 2 IV ‘43| 220-50 |Chafe =
Sl 24 XIT '45 { 27 11T 'L46| 135-155 |[Chafe .
- 23X 'W8 | 1 TII 'L Chafe <]
d West off 26V '50f 325-5€¢ |Corrosion at kink o

Gibraltar 17 XI  '50 370-335 Badly chafed (%
o 25 IX. 'S51| 373-324 |Moderate to severe el
g chafe -9
- 2k XII 's1) 328-368 |Severe chafe
- 18 XII '51 | 1k VI 'S2[ 215-277 |Chafe K
; 13 XII '52| 380-330 |Chafe
: 22 IIT '56| 165-170 |Chafe -
. 4 vIII'56] 310-300 |Chafe
29 ¥IT '62 | 11 1 '63] 135-350 |Corrosion O
L 28 11 '63] 2L0-360 |Break-outer servin: RN
o torn and ragged - RN
y some polishing of o
wires after less 5

i than 3 days on 5
a bottom. | o
5 | =
- .--
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-; 3
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Teble A.16 Gulf of Cadiz Region (Lisbon-Malaga) Submarine Cables (Ref.8)

"y
e sl

»
]

A l"/.
T TN

Date of Date of Vater
Location Depth

Failure Repair

¢

AN AL

-y )

Cause of Failure

(Failure)

»
Lt

. C A I T
v et :

LR PR
i S

'

Gibraltar 28 X11 'hW2 Chafe & corrosion
L v 46| 6 VI '46| 155-150 |Break-unrecovered
27 XII1 'L7|  1k-47 Anchor

E 21 1T 'L7 2 IV '48 175-130 Chafe

wWest of Gibraltar 20 XI '50| 230-123 |Fault-unrecovered
L 1x 51| 180-2L40 Chafe

)
f

l‘ l'

L o1x 's1| 7 IX '51| 200-182 |Break-cable bare, '311_:;

strained and chafe S

27 II 'sl 175-250 |Chafe e

25 IX '52| 350-327 |Break-wires bare

kinks and spews e

28 IIT '53] 357-349 |Chafe B

30 XIT '55| 104-126 |Corrosion e

1 XII 'S6| 1L5-275 |Chafe s

12 1 '58 1 16 I '58] 306-290 |Chafe & corrosion Sl

" 24 XTI '61] L432-382 |Severe corrosion 3
.. :Q;i
- o
'..."

o
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Y
A
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el
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Table A.17 U.S. Air Force Cable Systems’

f ”[ Tt oot - -7 - ,
: Date of Date of Water i
Location Depth " Cause of Failure
Failure Failure !
{Fathom)
S R S S
I
Fouth East Asia ;

|
- Piorth Coast of |5 XII '7h l21 XIT '74 | 0 Chafe l
) Taivan 30 VIT '76 |15 VIII'76 ; 8.4 iEarthquake !
| 6 IV 'T7 19 V 77 110 |Corrosion :
: 12 IX '78 {9 X '78 | 16 ;Ship enchor
' 23 v '79{9 vi '79 , 118 iCorrosion
: : i
'Saitahip,Thailand 14 X '67 ;13 X 67 ¢ 14 IShip anchor
' 130 X1 '72 ‘6 XIT '72 . 12 iShip ancher
' : '23 VI '73 !29 vI '73 ! 19 'Ship anchor
A , 15 XI '73 1k XTI '73 12 :Ship anchor
: | 118 11 "7k !1 IIT '7h | 12 'Ship anchor
. * : ! :
: ; : ! ' }
’ .ui Nhon,Viet Kem ' 30 VII '68 'L vIIz'és . 15 ‘Stray shrapnel pene-
: . ‘tration of czble
; 29 I '70,7 X '70. 65 .Ship anchor !
i 10X '73 20X  '73 0 .Malacious damage or |
: i | subctage
- | | i .
t : i ! .
'Wha Trang ‘L1169 i13 11 '69 | 30 'Ship anchor '
: 1181 '69,201 '69. O .Excavation ‘
' c2h 1Y '73 ;301X '73: 7 . Tension damage due '

| : ' ‘to fishing gear or
: , : . “anchor pull :
i17 XI '73 23 XI '73 . (o) yMalicious damage on ;
: ’ ' ;beach a2t waler level
|

!

X !Da kang P10 TV 'GS 12 IV Y60 0 Excavaticn
o0 IX Cag2b I 6o . i5 iShip anchor
! 1l X117 '60 119 XTI (O 0 i Excavation i
. biv x5 w017 %1 '70. O ‘Excavation '
! 15 ¥I1 '7h ;30 XI1 '7h 0 | Malicious darr.~¢ at
| |
J

:wnterline level

|
h .

. I

* Tmte werc obtained throurh telephons conversatieon with cable systens
m:intenaance peresonnel (Suprlied by Mr. J. Yartin/vie-1)
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;. Table A.17 (Continued) s
3 I, ] . _ _:_ B _
f Date of Date of l' Water i ' _—| j:-::
o Location | Depth ! i S
- . . Cause of Failure
) Fail R !
: ailure epair (Fathom) ! P
. Vung Tau,Viet Nam } 24 VIII'70 |31 VIII'70 30 Ship anchor {:;\:
: 29 XI '71 |5 XIT '71 ¢+ 19 Ship anchor , e
. ‘ 22 XII '71 [29 XIT '71 | 17 Travler ‘
11 v r72 119 V '72 i 12 :Fishing net damage
! v r72 |21 vI '72 ’ 20 |Cable cut by fisher-
! - iman
- | |4 VIII'72 |10 VIII'72 17 'Trawler
. : (15 IV '73 121 IV 73 - 28 | Travler
- ; ok x1 '73 {30 X1 '73 . 28 'Travler
. ; i28 v '7h 4 v o7k 28 'Trawler
! 's Ix t7b 21 Ix '7h 25 |Trawler
| fll II '75 11511 '75 27 ‘Trawler

I
i

!
. 1




Table A, 18 Pacnflc and Phr ant Pa01f1c Submarlne Cableu¥

Date of Date of [ Water ?
Location | Depth : Cause of Failure
Failure Repair ! |
i (Fathom)
S -
CANADA '
Fort Alberni 5 IV '6h j121Vv ‘64 | 80 ‘Siesmic disturbance
! , | and tidal wave
i Ly JIT *'71 {11 III '71} : 30 Ship anchor
. 1 IV '72 {4 IV '72 ; Tension/abrason
‘ 6 VII '72 |15 VII '72 , 17 Trawler ;
27 XTI 73 ;7 1 74 . 18 Ship anchor '
‘ 119 II1 '74 |6 IV 74} 17 Insulation fault at |
; | ' lold splice
! .13 VII '74 |27 VII '7h 'Cﬁafe
? 127 VII '74 |10 VIII'7h | 30 iTravler i
: j1k x 7k 28X 7k 50 iTrawler |
; 130 IV '75 |18V '75 | 15 - 100iPlamed cable diver-
' ' i jsion to avoid trawle
} g | ifishing area
Nancouver :5 v 't (8 IV '72 ! 15 ‘Ship anchor !
8§ VII '72 19 ¥I1 '72 i 5 '‘Ship anchor :
l : ! 5 ‘ 5
j , ; ! !
' SSR ' ) f '
f knoc‘a ilO XII '72 |20 XII '72 : 100 Abrasion break 4
} :
e | N ; |
Ninomiya 12 VII '72 |17 VII '72 | 50 Abrasion chafe break.
5 115 IX '78 21 I1X '78 .20 iJunction box failure;
|
[Feihoku 221 '80 ,15 I1IT '80 100 {Tension break
: | i l
. : ' .
CIIRA f ! \
Tanhal VO7 VIT O'76 1 VIin'té o 70 Tension fault
111 x  '78 ¢ X1 '7E 100 ‘Tension brrezk
J1C vV '80 L v 80 120 Tension breuk ‘
| * ~
THONRS e | | | :
Loep Watedr huy VLB X Gk x et 1N [Cable cut by fTisher-
‘ ‘ '|' " 11’\0] ,
DRAEED ¢ LTI N B O I 170 tlenel broct cue {o
! ; ' ’cﬁz‘n\n

et ————————— - e e e e A e e ¢ e e e e e e b

o Tt were A unined throu ol teleyhone eonvercntior awith enbls srstons
. ~ . . I N
cintenny e percenunel (Sapplicd by Fro ool Mnrtdn el

-

........
.....
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3K Table A.18 (Continued)
] —— et e e .y e - o ' —= g s e = = e ———
. | | :
X Date of pate of | Water !
: Location | Depth | Cause of Failure
X Failure Repair
\ l (Fathom)
: )
HONG KONG :
A Deep Water Bay 20V  '75 128V '75 4 Lo \Trawler
- | 1 VIII'7S |2 VIII'75 | 30 Ground cable failure
. , 110X '76 19X '76 ' 80 Trawler
. ‘ t8 X1 '76 |19 X1 '76 | 70 iTorsion-tension ;
! 'break !
FHILLIPPIKE i i o
‘Baler 27 VII '67 |4 Ix '67 ! 150 ECable tension break ! ;-_’.:
MAIAYSIA ; * s :
Kota Kinabal 27v 'tk i8 vi '7h | 10 iShip anchor e
26V '75 13 VI '75 | 50 | Travler o
- P14 XIT '77 {17 XIT '77 ¢ 50 iChafed cable and o
’ | ' g itension break e
¥ ! i | * L
. S T1iGA FORE , ,_ \ . ; s
3 VIT '71 '12 VII '71 . 17 .Trawler | N
: '3 XII '78 |10 XII '78 ., 17 Ship anchor ; ::;Z
. ! ! ' : X A
: IEW GUINEA | | | ; o~
- Madang 7 IT 68 ,18 IV 'é8 | 3000 ‘Earthquake ;
! t1 X '68 115X '68 ! 2200  (Earthquake ; -
’ ‘20 XI '70 |9 ¥II '70 200  Earthquake ; ~]
5 | 3 VI '76 {18 VI '76 . 100 'Earthquake : P
% | 261V '77!8 V. '77 1 1800 'Earthquake r
S ; i13 11 '78 3 11T '78 50 Earthquake o
;25 V1 '79!30VI '79 ¢ 150 Earthquake ; il
! 25 vI '79 ‘7 VII '79 . 150 'Earthquake ‘ e
AUSTRALIA | : j ’ =]
Cairns i15 X1 '70 127 X1 '70 200 - 1000 Landslide du: to o
i | | 'earthquake . -
A !Sj\'dney lh 1 7263 7o 20 'Repeater failurc : ke
' : i | ! -
’ | I ‘ ' ! o
L._.__-__ e — 1 — b S S '.."-
- - '_._«'.
.::}'
. ot

»

Boan e

#




e E——

‘e ———

Bweden-Denmark
(Kontiskan)

enrerk
(Kontiskan)

|
plew Zealand
(North-south Isl,)

Vancouver Island
E.C.Mainland

|

!

Long Island
j(Connecticut)
!

Srareral
orwanvelicnnark)
1

...........

........
o te . .

————

vy Jethorpnl failure irn the land portions of the choannel eroccines,

Solid

0i1

Gas

........

‘
i

|

L2

;Solid 32

|

| 0i1

Foil 16
!
|
|

Soliui QN
|
i
|
[ S

Type |Water ! Years
Location of ' of
Cable | Depth Sexrvice
(fm)
‘ancouver Island Gas 30 23
5.C. Mainland (1956-79)
2l
(1958-79)
Channel
France-England Solid| 10 18
(1961-79)

1l
(1964-68)

i 1L
|(1064-68)

9
(1970-79)

12
(1965-77)

, 10
(1969-79)

i 5
i<197h-79)

L
(19 2-73)

k
(147(.-80)

D
(1077-60)

.....

No.
of

NS

~1

8 SRy

Tuble A,19 Submarine Power Transmission Cable Failure Record (Refi 3k)

Total

No.

Lines‘Faults

4 e e ——

3

29

26

10

..............
'''''''''

Cause of Failure

é- Ship anchor
1 -others

3-Ship anchor

16-Travler ;
5-repair joint !
1-lead sheath ’
L-others (*) !

12- Trawler
7-repair joint
H-factory joint
1-lead sheath

- Travler
b-lead sheath

d-repair joint

2-Ship anchor

7- Ship anchor !
2-Chafe & corrosicen

....................
-----------
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..............

Table A.19 (Continued)

R e Y o
o

- Type | Water Years Ne. |Total
Location of | of. -9:[‘ No. Cause of Failure
Cable, Depth Service Lines|Faults
(fm)

R
-
X

Prince Edward Isl.|Oil 3 2 6 1 [-others
New Brunswick (1977-79)

.'s, B
' e’

0T
L )

S
et

Norway-Various 0il Various 3 2 P-Travler

[iorway-Oslo Fjord | 0il 3 1 [e~Trawler

20 s
(1959-79) -

Lorway-Oslo Fjord | 0il L 6 0 ;:T
(1975-79) ot

SRR

, &

.
.
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